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ABSTRACT.
The integumentary pattern of the plaice Pleuronectes platessa 
is divisible into the dark patches, the dark zones, the pale zone, 
the pale flecks, the white spots, orange and black spots and the black 
dots. These colour pattern-units differ in size and density and in the 
arrangement of their chromatophores. The ultrastructure of the 
chromatophores has been observed.
The complex phenomenon of "pattern-matching" in the plaice is large­
ly attributable to the differential responses of the upper dermal melan- 
ophores in the different pattern-units. The plaice responds to very 
small changes in the visual composition of its background: colour;
reflectivity; type of pattern; size of the figures comprising the 
pattern; proportion of black and white in the under-lying substratum; 
distance of the components of the pattern from both eyes. An analysis 
of these differential responses has been proposed.
"Pattern-matching" in the plaice appears to be predominantly neural-
ly initiated and is later assisted by its hormonal system. The chrom­
atic responses of long white- and long black-adapted fishes are striking­
ly different from each other and from those of the fishes adapted to a
middle tint. An account is given of the neurally controlled responses
of the long white- and black-adapted fishes towards patterned backgrounds 
after their background reversal and their subsequent return to the 
original backgrounds. The effect of length of background adaptation 
on the neurally controlled responses of the plaice has been described.
It has been suggested that in relation with its nervous activity, the 
plaice adapts to a.new background in three phases: Phase I, II and III.
The chromatic activity of intact and unilaterally enucleated fishes 
suggests the existence of a central integrating mechanism for most of 
the retinal information. Some retinal stimuli are capable of bringing 
about melanosomal movements'contralaterally/
Melanization of the unpigmented ’ventral’ side of the plaice can 
be caused under experimental conditions. The pattern thus produced 
does not correspond with that of the ’dorsal' side. The neurally 
controlled responses of the ’ventral' melanophores suggest a mode of 
innervation somewhat different from that of the 'dorsal' melanophores.
The differential responses of the melanophores in different 
pattern-units can be observed not only by a differential retinal stimu-
(ii)
latioîi, but also by the administration of some adrenergic drugs. An 
adrenergic innervation of the melanophores and a differential distrib­
ution of adrenoceptor-populations have been suggested to account for 
the differential responsiveness of these cells.
Integumentary transformations in the plaice during background 
pattern adaptation may be brought about by the selective stimulation 
of melanophores in various pattern-units through nerve-fibres originat­
ing from a central integrating mechanism.
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1. INTRODUCTION.
1.1 T m  EFFECTOR CELLS.
The colour changes in the teleosts and other poikilothermic 
vertebrates are brought about by the pigment-containing cells, the 
chromatophores. These cells are mostly branched and are able to move 
their pigment centrifugally into their branches or centripetally towards 
their centre to produce maximal or minimal coloration respectively.
Several kinds of chromatophores have been identified on the basis of 
the colouring-matter they contain. The most conspicuous are the melano­
phores, which contain dark brovm or black pigment, the melanin. Lipo- 
phores are the red or yellow-containing-cells, and are called erythro- 
phores when the pigment is red in colour, and xanthophores when it is 
yellow. The reflecting chromatophores or the guanophores contain 
guanine or guanine-like substances. Two kinds of guanophores occur in 
vertebrates; iridophores, in which guanine is distributed as large 
white plate-like crystals, the reflecting platelets, incapable of under­
going any movement; and leucophores, which are highly dendritic and 
have numerous migratory pigment-containing granules, the drosopterino- 
somes.(Hama, I967).
In some fishes the chromatophores are in definite combinations, and 
produce a range of effects by the relative movement of their pigment. 
These compound units are named according to the chromatophores constitu­
ting them. Melanoiridosome indicates a combination of melanophores
and the iridophores; melanoxantholeucosome, the group containing melano­
phores, xanthophores and leucophores, and so on. In some fishes, among 
them the flatfish Pleuronectes platessa, these chromatophores mostly 
exist as independant bodies.
1.1.1 Role of chromatophores.
Chromatophores bring about colour changes in those animals which 
actively respond to the tint of their background and to certain other 
environmental conditions. In many cases melanophores play key roles in 
such colour changes. The movement of the red or yellow pigment in 
erythrophores and xanthophores adding to or reducing the red or yellow 
colour of the animal. Iridophores are responsible for much of the
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metallic iridescence seen on the flanks and hack of many animals.
The leucophores on the whole produce rather a dull white effect on 
the colour of the integument, where they are present.
Chromatophores in some animals play an effective role in enabling 
them to merge with their surroundings for aggregation and self-protect­
ion. In amphibians and reptiles protection of the body tissue from 
intense illumination and irradiation has been suggested as an additional 
possibility (Pingerman, I965). These animals disperse the pigment at 
low temperatures and aggregate it at high temperatures. This ability of 
moving the pigment for thermoregulatory purposes is vital for poikilo­
thermic vertebrates on land. In fishes this response is ill-defined 
and often contradictory. Colour changes associated with mating and 
parental behaviour are also brought about by the action of chromato­
phores in some fish and reptiles. Species recognition in some cases is 
relied on the integumentary pattern. Colour-patterns as a means of 
visual signalling for communication in fishes have been suggested by 
many workers (Fine et al., 1977).
1.1.2 Transient and quantitative colour changes.
The response which involves rapid changes in the degree of pigment 
distribution within the chromatophores during background adaptation or 
following certain acute environmental changes is called a transient 
colour change. The control of such a change may be entirely nervous, 
entirely hormonal, through an interplay of both in various proportions, 
or to a small extent by the direct effect of the causative agents on 
the chromatophores.
A quantitative colour change, on the other hand, involves an overall 
increase or decrease in the number of chromatophores. It is a long­
term event which is ordinarily induced by maintaing the animal under 
persistant conditions for several weeks.
1.1.3 Distribution of chromatophores in the skin.
Chromatophores are abundantly located in the stratum spongiosum of 
the upper dermis, just underneath the basement membrane. Some chromato­
phores, chiefly the melanophores, are also known to be located in the 
lower dermis,, in between the stratum compactum and the hypodermis of the
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skin.^  Some melanophores are also present in the epidermis along with 
the Malpighian cells (Plate 1-1).
1•1•4 General features and ultrastrueture of chromatophores.
1.1.4-1 Melanophores.
Melanophores are highly variable in size and shape. In most of 
the teleosts they are located in the epidermis and dermis and in a few 
in the dermis alone (Bock, 1930; Osterhage, 1932; Burton, 1978a, in 
Gasterosteus aculeatus; Goodrich and Smith, 1937; Ahmad, 1970a, in 
Macropodus opercularis ).
Ultrastructure.
Melanophores vary greatly in the size of their main cell-body and 
in the length of their processes in different species of teleosts.
The cell-body generally ranges from 20-40 |im in diameter, while the 
branching processes, varying in number, often extend from the central 
region as far as 60 pm (Bikle et ad., I966, in Fundulus heteroclitus).
Melanophores are enclosed by a thin cell-membrane. The presence of 
two membranes around the melanophores of Lebistes reticulatus reported 
by Falk and Rhodin (1957) .has been strongly rejected by Fujii (1969) 
and Takeuchi and Kajishima (l97l)«
The nucleus of the dermal melanophores of Carassius auratus is 
usually elliptical or somewhat irregular in shape (Takeuchi and 
Kajishima, 1971). In the lungfishes Neoceratodus forsteri, Lepidosiren 
paradoxa and Protopterus sp., the nuclei of the epidermal melanophores 
are round and those of the dermal melanophores flattened horizontally 
(imaki and Chavin, 1975a, b). It is slightly eccentric in position in 
Fundulus heteroclitus (Bikle et al., I966).
Melanophores are characterised by the presence of numerous extremely 
electron-dense spherical or ellipsoidal bodies, the melanosomes. Each 
melanosome is enclosed by a unit membrane, and is richly laden with 
melanin. Melanosomes are strikingly uniform in size and shape among 
the fishes (Fujii, 1969). Their average diameter is about O .5 pm.
The average size of the melanosomes in the lungfishes is approximately 
1.0 X 0 .7 pm (Imaki and Chavin, 1975a, b). In Pleuronectes platessa, 
the diameter of the melanosomes varies from O .4 - O .5 pm (Roberts et al., 
1972). Melanosomal polymorphism has, however, been cited by Taylor and
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Bagnara (1969) in Pachymedusa (Agalychnis) dachnicolor and by Bagnara 
and Martin (1972) in the electric ray, Torpedo ocellata.
A large mass of endoplasmic reticulum (ER) is usually found in the 
proximity of the nucleus. ER is described as being predominantly 
vesicular and smooth-surfaced or agranular (SER) distributed randomally 
throughout the central region and the processes in Fundulus by Biklé 
£i ad.(1966). Takeuchi and Kajishima (1971) have located a rough- 
surfaced or granular one (RER) in the melanophores of the adult 
goldfish Carassius auratus.
Large numbers of rod-shaped mitochondria which predominantly have 
well developed villiform cristae were observed by Takeuchi and Kajishima
(1971). A few have a structure described by these authors as myeloid. 
Bikle et al.(I966) observed a more generalized distribution of the mito­
chondria during melanosomal—dispersion, while in the melanophores with 
well aggregated melanosomes, they occupy a position distal to the 
contracted mass of the pigment granules. They presumed that during 
aggregation, melanosomes occupy the region close to the active site of 
ATP hydrolysis.
Well developed Golgi structures (GA) have frequently been observed 
in the melanophores of the goldfish by Takeuchi and Kajishima (197I)» 
which consists of vesicular and reticular components. Bikle et al. 
(1966) and Fujii (I969) failed.to observe GA in Fundulus heteroclitus 
and Chasmichthys gulosus respectively.
Free ribosomes are widely distributed throughout the melanophore 
(Bikle et al., I966 and Fujii, I969), and are associated with the 
synthesis of tyrosinase, the catalyst vital for melanin-formation. 
Clusters of ribonucleo-protein particles have been located in the cyto­
plasm of the lungfish melanophores (imaki and Chavin, 1975a, b).
Within the plasma membrane are found pear-shaped pits, about 85 nra. 
by 100 nm. These structures are the cortical pits or the micropinaco- 
cytotic vesicles and are found attached to the plasm membrane by their 
narrow necks. The plasma membrane surrounding the main cell-body 
is described as having more pits per unit area than the membrane 
around the processes (Bikle et al., I966). These structures are 
possibly associated.with receiving the neurotransmitter released from 
the presynaptic elements of the pigmentary nerve-fibres.
Straight, unbranched and slightly flexible microtubules of about
22.5 nm. diameter have been located in melanophores of some fishes.
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These originate from a prominent zone of the cell centre, the central 
apparatus, and can he traced for several microns in the cell body to 
the processes. After their origin from the central apparatus they 
gradually assume a cortical arrangement’and come to lie within about 
100 nm. distance from the limiting membrane (Schliwa, 1978, in 
Pterophyllnm scalane). Wikswo and Novales (1972) observed a less 
ordered arrangement of the microtubules in the central region of the 
melanophores in Fundulus heteroclitus. The microtubules are believed 
to constitute pathways along which the melanosomes move (Bikle ejb ad., 
1966; Green, I968; Novales and Novales, 1966b; Takeuchi and Kajishima, 
1971; ■ Wikswo and Novales, 1972; Murphy and Tilney, 1974; Schliwa, 
1978)'. Some fine filaments of 3-5 rim. were observed by Wikswo and 
Novales (1972) in Fundulus heteroclitus.
Holmberg (1968) observed cytoplasmic tubules, 40 - 70 nm. in diameter, 
in the melanophores of Atlantic hagfish, Myxine glutinosa. Similar 
tubules were demonstrated by Roberts et al.(l970) in Salmo salar and 
in Pleuronectes platessa (Roberts et al. 1972).
1.1.4 .2 Guanophores.
Guanophores or the reflecting cells are very commonly found in 
fishes. These reflecting cells are of two distinct types, the irido­
phores and the leucophores. Iridophores are smaller and fixed, 
producing metallic iridescent colour and the cytoplasmic organelles 
involved in this colouration are the reflecting platelets. Leucophores, 
on the other hand, are large and highly dendritic, their pigment granules 
are migratory and they exhibit a dull whitish colour (Hama, 1967, 1970; 
Takeuchi, 1976).
1.1.4.2.1 Iridophores.
The distribution of iridophores varies from species to species 
(Kawaguti, I967). Even in one animal their size and distribution 
varies from one part to another of the body. These are located in a 
vast number of tissues: dermis and hypodermis of the skin, eyes and 
the peritoneal layers (Kawaguti and Takeuchi, I968). Their distribut­
ion may vary from a single layer to many layers in different tissues 
of the body.
Ultrastructure.
Iridophores are mostly elongated, bowl or crescentic—shaped 
structures (Kawaguti, I965; Harris and Hunt, 1973)» and are enclosed 
in a thin connective tissue or the basement membrane. The nucleus is
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mostly quite prédominent, and is located in the middle of the cell or 
near the upper lip (Kawaguti, I965; Harris and Hunt, 1973). The 
nucleus has been described as oval (Roberts et aJ.,1972, in Pleuro- 
^ectes platessa),elliptical (Harris and Hunt, 1973, in Salmo salar) 
or highly convoluted (Takeuchi, 1976, in Lebistes reticulatus).
Most of the cytoplasm of these cells is occupied by numerous 
structures called the lamellar bodies (Kawaguti, I965), laminated 
cisternae or reflecting platelets (Bagnara and Ferris, I971). These 
reflecting platelets are the guanine crystals, which are generally 
represented by their lacunae in the electron micrographs. The 
lacunae are arranged in groups, and the number in each group varies 
from species to species and from area to area in the same animal. In
most cases the number varies from 4 - 1 1  per group (Kawaguti and 
Kamishima, I964» I966; Kawaguti, I965; Kawaguti and Takeuchi, I968; 
Harris and Hunt, 1973). The number was,however, I5 -18 per.group in 
Lebistes reticulatus (Takeuchi, 1976) and in Salmo salar (Harris and 
Hunt, 1973). The size and shape of the reflecting platelets varies 
in individuals from one part to the other. Their length ranges from 
0 .4 - 2 jim., but the thickness is fairly constant, about 100 nm.
In Pleuronectes platessa the thickness is usually between 100 - I50 nm. 
(Roberts et al., 1972). . The EM studies of the isolated reflecting 
platelets by Harris and Hunt (1973) and of the carbon-coated sections 
by Takeuchi (1976) have confirmed that the size and shape of the plate­
lets is consistent with the size and shape of the inclusions that the 
lacunae can accomodate. The reflecting platelets were described as 
being usually rhombic and occasionally rectangular in shape by Harris 
and Hunt (1973) in Salmo salar. Each reflecting platelet is limited 
■ty its own limiting membrane (Harris and Hunt, 1973» Rohlich, 1974» 
Takeuchi, 1976).
The reflecting platelets are generally arranged perpendicular to 
the surface of the skin and parallel to each other in a group, and 
the individual groups are generally orientated at slightly varying 
angles to one another (Kawaguti and Kamishima, I964» Harris and Hunt, 
1973» Takeuchi, 1976). In Pleuronectes platessa, an irregular 
arrangement of the platelets has been reported by Roberts et ad.,
(1972). '
The other conspicuous organelles of unknown function in irido­
phores are the spherical or oval granules of variable size. Each 
generally has a single limiting membrane, and occasionally a double.
Tkeii* sise ■¥aorie;s froin 0.2 — Ipin in dJ.aiii©'t©r. imcorpoira.ie
pleiomorphic imteraal stnictiuæes, im particmlar graimy filamemikms, 
nen’braïiiOTiis or aanorplaoTiis mDaiifcorials im waoryimg d.egrees {"IltikEmoSiii 
E3 is disitriîïiiiited. ihromghiomi; ifclhie cyttoplasim anmni is of 
Tiype (Harris and. Himt, 19T3), or tmimlar or wesiomlar im strmotmre 
(T^emcHi, 197^)- Large mum'ber of rod shaped mitoo&omdria are msmaily 
present arommd the miclems and at the periphery of the cell- Mell— 
developed GA exists as saccmles or as small vesicles im the perimmclear 
region (Roberts et al., 1972; Harris and Etant, 1973; Takemchi, I976). 
Presence of the micropinocjtotic vesicles was reported ly Takemchi (l 
Humerons ribosomes freely dispersed or attached to ER are present. 
Harris and Hunt (1973) traced microtnhnles im homdles of 200 — 4C0 mm. 
located between gronps of lacnmae and adjacent to the cell membrane. 
Their presence im iridophores, iwhich are incapable to move the pigment 
indicates some fnmction other
1.1.4.2.2 Lencophores.
Leucophores are the large dendritic reflecting chromatophom'es.
Their stmctnre and distribmtiom is net as diverse as those of irido— 
phores. Each cell has a large and convolmted rmclens located nsnally 
at its periphery. The nnclems indicates a few aggregates of graamlar 
elements, which mark the location of the mncleoli and. the chromatin. 
Dispersed thronghont the mncleoplasm are gramlar and fibrons elements 
(Takenchi, I976)-
The characteristic pigments of the lencophores { drosopterin and 
purine) are located im the pigment grannies, drosopterinosomes (Hama,
1967). The drosopterinosomes are spherical or ellipsoidal stmctnres, 
about 0.5 — 0.8 um im diameter and each enclosed ly a donble membrane 
with, a rather broad intervening space (Takenchi, I976). fenei—
Takeuchi et al- (I968) observed three-different kinds of drosopterimo— 
semes in the larval lencophores of Orysias la.tipes, which indicate the 
transitional sta.ges of the admit drosopterinosome.
Takeuchi (1976) observed endoplasmic reticmlmm of both types; a 
moderate number of mitochondria with well developed cristae; sporadic 
GA composed of saccules and small vesicles; numerous ribosomal particles 
attached to the ER; somewhat larger glycogen particles and numerous 
pinocytotic vesicles attached to the plasma membrane in the leucophore
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of Lebistes reticulatus.
Hama (197O) demonstrated an increase in drosopterin when the larval 
Oryzias latipes were reared in M/3,000 phenylthiourea solution for 
about two weeks. Drosopterin formation in larval and adult Oryzias 
and in the adult Lebistes reticulatus was inhibited following 
treatment with m/IOO melamine solution (Hama, 1970; Takeuchi, I976). 
E.M. studies carried out by Takeuchi (1976) seem to attribute this 
inhibition to the actual degenerative changes in the drosopterinosomes, 
mitochondria, ER, GA, and the nucleus.
1.1.4 .3 Erythrophores.
Erythrophores are irregular or stellate-shaped chromatophores with 
extremely complex dendritic processes (Matsumoto and Obika, I968).
Such cells vary considerably with respect to their size, appearance 
of the cytoplasmic processes, degree of pigmentation, and mode of 
deposition in their pigment granules (Matsumoto, I965).
The nucleus is ellipsoidal, kidney-shaped or in most cases irregularly 
shrunken in shape (Matsumoto, I965).
Distributed in their cytoplasm are large number of round, oval 
or elliptical pigment granules, the pterinosomes (Matsumoto, 196$; 
Matsumoto and Obika, I968; Takeuchi, 1975a, b). The pterinosomes 
are membrane-limited and this membrane exhibits a triple-layered 
structure. The size of the pterinosomes varies from species to 
species; 0.3 - O .4 }im. in Lebistes reticulatus (Takeuchi, 1975a),
0 .4 - 0.6 pm. in long and short diameters respectively in erythro­
phores of Carassius auratus (Matsumoto and Obika, I968), and O .5 - 
0 .7 pm. in erythrophores of Xiphophorus helleri (Matsumoto, I965).
The pterinosomes exhibit different structures inside- their limiting 
membranes. In Carassius auratus they have an irregular arrangement of 
thin filaments, approximately 4 nm. in thickness (Matsumoto and Obika,
1968). In the swordtail Xiphophorus helleri, a whorl-like concentric 
arrangement of 13-20 layers of parallel membranes, each composed of 
two lines about 4.5 nm. thick, with 12 nm. or more interlamellar spaces 
has been observed by Matsumoto (I965). Takeuchi (1975b)observed 
that the pterinosomes of the larval guppy Lebistes reticulatus were 
similar to those of the swordtail in their structure. Besides the 
general type, four other kinds of pterinosomes were demonstrated by
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Takeuchi (1975a), which appear to he the transitional stages of the 
adult type. In addition to pterinosomes, carotenoid-containing 
granules have also been reported by Takeuchi (l'975a,b).
Well developed tubular ER, apparently belonging to the smooth- 
surfaced system is generally located in the cytoplasm. RER is rarely 
located (Matsumoto, I965; Matsumoto and Obika, I968). The tubes of 
the reticulum are of relatively constant diameter, about 1.1 nm., 
and are frequently connected with one another to form a meandering 
network (Matsumoto and Obika, I968).
Numerous oval or elongated mitochondria with well-developed 
longitudinal cristae are present in the cytoplasm of the erythrophores.
The GA is frequently seen in the perinuclear region as an array of 
parallel membranes enclosing a number of vesicles of varying size 
(Matsumoto and Obika, I968). Small micropinocytotic vesicles of 
varying size were observed by Matsumoto•(1965) and Matsumoto and Obika 
(1968) along the plasma membrane.
Ribosome-like granules (Namei-Takeuehi et al., I968 in Oryzias 
latipes) and ribonucleoprotein particles in groups, in moderate number 
(Matsumoto, I965; Matsumoto and Obika, I968) have been observed, 
distributed in the cytoplasm of the erythrophores. Obvious micro­
tubules were observed in erythrophore of Lebistes reticulatus by 
Takeuchi (1975^)*
1.1.4 .4  Xanthophores.
Xanthophores are large, irregularly formed cells with many dendrit­
ic processes. These cells have large oval nuclei, the nucleoplasm of 
'which shows well scattered, fine fibrous and granular elements.
Typical nucleoli are easily observed (Takeuchi and Kajishima, 1972).
Large numbers of round or ellipsoidal pigment granules, the pterino­
somes are found in the cytoplasm (Obika, 1970; Kamei-Takeuchi and Hama, 
1971; Takeuchi and Kajishima, 1972). These pterinosomes are impreg­
nated with yellow pigment, sepiapterin, and have been called the 
sepiapterinosomes by Hama et ^ . ( 1963). The sepiapterinosomes are 
bound by a single limiting membrane, ^ d  their diameter in the adult 
fishes varies from 0.4 - 0.6 ^m. (Obika, 1970; Takeuchi and Kajishima, 
1972). The E.M. studies on the larval xanthophores of Oryzias by 
Kamei-Takeuchi et al.(l968) and Kamei-Takeuchi and Hama (l97l) seem 
to indicate that these pterinosomes at earlier stages of development
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are somewhat bigger in size ( O .7 — O .9 pm.), but after passing through 
different transitory stages reduce in size. Sepiapterinsomes 
are known to have two kinds of.deposition in them; some contain 
certain amorphous fibrillar structures in them (Hama and Pukuda, I964; 
Takeuchi and Kajishima, 1972,in the goldfish Carassius). and others 
have lamellar structure (Hama et. ëà', 1963; Matsumoto, I965, in the 
adult swordtail Xiphophorus helleri). Oryzias latipes contains both 
the kinds in its xanthophores (Kamei-Takeuchi and Hama, I971). , The 
study of the development of the xanthophores in the larval stage of 
Oryzias latipes by Kamei-Takeuchi and Hama (1971) has indicated that 
the lamellar type pterinosomes appear earlier during development and 
then are transformed into pterinosomes with amorphous deposition.
Also present in the cytoplasm are the tubular ER-like structures, 
about 30 - 40 nm. in diameter. , Some of them form lamellae and look like 
the-GA (Takeuchi and Kajishima, 1972).
Mitochondria are rod-shaped and large in size and exhibit well- 
developed cristae and electron-dense matrix (Takeuchi and Kajishima,
1972).
The GA is less numerous in distribution. The c.isternae of the 
lamellae are electron-translucent. Small vesicles of about 100 nm. 
in diameter are generally associated with the periphery of these 
lamellae (Takeuchi and Kajishima. 1972).
Ribosome-like particles are present either separately or in 
clusters in the cytoplasm. Some of these are attached to the surface 
of the ER-like structures (Kamei-Takeuchi et al., I968; Takeuchi 
and Hama, 1972).
1.1.4.5 Relations between the various chromatophores.
Chromatophores differ markedly from one another in their structure 
and the chemical hature of the pigment. They, however, share • 
some common features such as the neural crest origin (Dushane,
1935» 1938 and 1939), the ability of migration (Lehman and Youngs, 
1959; Weston, 1970), and the capacity to move their pigment granules 
(excepting the iridophores ). There is evidence to suggest that
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neural crest cell determination is labile during early development 
and the cells originating from this part are convertible to several 
types (Weston, 1970). It has been suggested that all chromato­
phores of the young chameleon Chameleo hohnelli differentiate from 
a common cell, the chromatoblast, which contains premelanosome- 
like inclusions which are transformed into the respective pigment 
granules of the differentiated chromatophore type (Alexander, I970).
Some workers claimed to have observed an actual transformation 
of one kind of chromatophore into another. Niu (l954, 1959) suggested 
that xanthophores of the newt larvae can transform into melanophores. 
Similarly, the ACTH-induced melanization of the xanthic goldfish 
skin, in culture, has been suggested to be due to the conversion 
of xanthophores into melanophores (Loud and Mishima, I963).
Pterinosomes of the goldfish, Carassius auratus. the swordtail, 
Xiphophorus helleri and the frog Rana .japonica (Matsumoto ejt al.,
19^8) and those of Carassius auratus (ide and Hama, 19^9» ' Obika,
1970) are known to have tyrosinase activity and under favourable condit­
ions can be melanized. Transformation of erythrophores into melano­
phores has been suggested to have occurred in the lead-backed variety 
of the salamander Plethodon cinereus (Bagnara and Taylor, I970). 
Similarly, Ide and Hama (l97^, 1978) demonstrated the conversion 
of the iridophores and xanthophores into melanophores in pure clones 
of the iridophores and xanthophores of the tailfin of tadpoles of 
the bullfrog Rana catesbeiana.
Different kinds of pigment granules have been observed in one 
type of chromatophore. Schmidt (1920) claimed to have observed 
melanin granules, red granules and guanine crystals in one cell 
in amphibians. Bagnara et ad. (1968), Taylor (197I), Bagnara and 
Ferris (197I) and Bagnara (1970, 1972) have demonstrated several 
E.M. pictures of different kinds of chromatophore having more than 
one kind of pigment granule in many vertebrates.
On the basis of the evidence provided Bagnara (l972) suggested 
a scheme to explain the chromatophore metaplasia, according to which 
there exists a primordial organelle in the undifferentiated chromato­
phores that is competent to form any of the pigment granules (melano- 
somes, pterinsomes or the reflecting platelets ) and that, depending
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upon the specific developmental trends, differentiates into any one 
of these types. Such a scheme, based entirely on circumstantial 
evidence from E.M. pictures or in vitro conversion of one kind 
of chromatophore into another is not so convincing. No instance 
of in vivo transformation has been cited to date.
1.2 ■ FACTORS RESPONSIBLE FOR COLOUR CHANGES IN NATURE.
The chromatic responses of animals are greatly affected by a 
number of stimuli. In nature the animals may encounter changes 
in the environmental conditions or some psychological factors may 
affect their pigmentary behaviour. The causative factors can be 
classified as 1- physical, and 2- psychological.
1.2,1 Physical Factors.
The agents which cause pigment movement in the chromatophores 
by acting directly on them or by involving some sensory receptor 
on the body include (l) light, (2) temperature and (3) pressure.
1.2.1.1 Light
Light is the most obvious factor affecting pigment movement.
It may act through the eyes, by the stimulation of the pineal region 
or ly direct stimulation of the chromatophores (see section 1.3.1.1,
1.3.1.2.1, pages 14 and I7).
1.2.1.2 Temperature.
The amphibians and reptilians are consistent in their colour 
change responses to thermal stimuli and are known to disperse their 
pigment in the melanophores at low temperatures and aggregate it at 
high temperatures. In teleosts these changes are often ill-defined
and unpredictable. Only 14 out of 33 species investigated indicated
thermal responses (Pÿe, I961, 1964c, d). These responses in the teleosts
13.
are generally in the opposite direction, i.e. pigment dispersion 
at high temperatures up to 35°C and aggregation at low temperatures 
dovm to 2°C (von Frisch, 1911a,in- Phoxinus; Smith, I928, in Fundulus; 
Pye, 1964c,d, in Phoxinus and 13 other teleost species).
Robertson (195I) and Ando (1962) on the contrary claimed that high 
temperature itself causes melanosome concentration in melanophores 
of Salmo and Oryzias respectively.
Thermal responses of fish, in which the chromatic tracts were 
interrupted by nerve sectioning, were either abolished or reversed.
The denervated melanophores dispersed the melanosomes at high tempera­
tures and aggregated them at low, while the innervated ones maintained 
their normal responses. The reversal in the pigmentary responses 
were evoked by the direct effect of temperature on the, effector 
cells (Spaeth, 1913; Smith, I928; Pye, 1964c,d; Nagai et ad., I977). 
According to Nagai et ad.(1977) the thermal responses of the innervated 
melanophores indicated a neuronal conduction of thermal information 
from some thermosensitive structures in the spinal cord to the melano- 
phore-effector system via the normal chromatic tract. In the 
melanophores of isolated scales from Fundulus heteroclitus, increase 
and decrease in temperature caused a reversible pigment aggregation 
(Abbott; 1969). This led Abbott to believe that the isolated melano­
phores may act as independant effectors.
1.2.1 .3  Pressure: atmospheric and hydrostatic.
Pressure changes in the normal life of the animal are rarely 
encountered. Under experimental conditions, however, the melano­
somes in the isolated scale melanophores of Fundulus heteroclitus 
promptly dispersed in response to hydrostatic pressure up to 
5880 Ib/in^ ( 405 bars) and their movement gradually stopped at
higher pressure (Marsland, 1940).
Itophy and Tilney (1974) observed almost identical results with 
Gvmnocorybus ternetzi, but in the melanophores of Fundulus heteroclitus 
a much higher tolerance to 11,000 lb/in ( 759 bars) was noted.
1.2.2 Psychological factors.
• Some short-lived changes in the colour and pattern of fishes
on spotting an intruder, during aggression or defence, parental care
or while courting have been described as psychological colour changes.
The details of this phenomenon have yet to be worked out.
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1-3 TRANSIENT COLOUR CHANGES.
1.3.1 Receptor-integrating-effector systems in transient
colour changes. ' •
The relative importance of the factors described in section 
1*2 (page 12) is not the same in different species. It varies 
from one taxonomic group to the other. However, light generally 
plays an important role in initiating chromatic responses. The 
photosensitivity of the chromatophores in vertebrates is not perhaps 
surprising since most of these cells share a common origin with the 
light perceptive tissues of the eye and the pineal complex.
The chromatophores respond to light in a variety of ways but 
generally their response can be classified in two categories 
(1) the primary, direct or non-visual response, which involves some 
degree of pigment dispersion under the influence of bright light and 
of aggregation of melanosomes in darkness, and (2) the secondary or 
visual response involving melanosomal-coneentrâtion’when the eye is 
stimulated by reflection from a light scattering background and 
melanosomal-dispersion when the eye is above an illuminated background 
which does not reflect light (Laurens, 1914» Hogben and Slome, 1931,
1936).
1.3.1.1 The primary transient colour change responses to light.
The chromatic behaviour of vertebrates may be elicited by the 
direct effect of light upon their chromatophores or through the 
coordination of some photoreceptor organ other than the eyes.
Such responses have been termed (i) the non-visual un-coordinated 
and (ii) the non-visual coordinated responses to light by Waring 
and Landgrebe (194I).
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1.3»1.1.1 The non-visual un-coordinated responses.
Responses to the direct effect of light have been studied in the 
isolated skin and scales of Anolis and Tantoga by Hadley (1928) and 
by Smith (l939) respectively, in which the melanophores dispersed 
their melanosomes on exposure to light and concentrated them in dark­
ness. Similar responses of the melanophores in the tissue cultures 
(Kulemann, I96O; Obika and Bagnara, I963) and the neural crest explants 
(Bagnara, I966) of Xenopus and on the isolated scales of the blind 
Mexican .cave fish Anoptichthys .jordani (Burgers et ad., 1963) 
indicate the intrinsic photosensitivity of these cells. Lek et al. 
(1958) and Lek (1967) demonstrated melanosomeal movement in the tail­
fin melanophores of Xenopus by shining a fine beam of light on 
individual processes. .
Bagnara (1957) demonstrated a photosensitive group of melanophores 
in the distal third of the tailfin of Xenopus, which responded rather 
differently by aggregating the melanosomes under the direct influence 
of light. Bagnara (I966) suggested that synthesis in darkness 
of a photolabile agent of dispersing nature by specialised tailfin. 
cells and of aggregating nature by the body melanophores, and its 
destruction in light, was responsible for the movement of melanin in 
these cells. He calculated that the time required to synthesize the 
photolabile agent was about 30 minutes while its destruction by light 
took 5-10 minutes to accomplish.
Light has been reported to have no effect on the distribution of 
melanin in the melanophores of isolated scales of Fundulus heteroclitus 
(Spaeth, 1913; Abbott, I969). On the other hand, Robertson (l95l) 
demonstrated the pigment-aggregating effects of light in Salmo 
gairdneri. This contention of Robertson has further been substan­
tiated by the findings of Wakamatsu (I978), according to which 
there existed about 47^ photosensitive melanophores in the two-days 
old culture from the embryo of Xiphophorus maculatus. Such cells 
were capable of aggregating their melanosomes in light and of dispe­
rsing them in darkness for many days. A dose-response relationship 
was observed between light intensities and time required for 
melanosomal aggregation. However, Wakamatsu (1978) failed to no vice 
any change in melanosomal distribution in melanophores in the isolated
integument of the fish.
The overall direct effect of light on the melanophoric activities
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oÇ the intact fish seems to he negligible. This could be because 
of the dominating effects of the nervous and hormonal systems in 
an intact fish.
1.3.1.1.2 The non-visual coordinated responses.
The non-visual coordinated responses to light occur through an 
extraocular reflex that involves a receptor other than the eye 
and subsequent nervous or endocrine regulation of the chromatophores. 
Von Frisch (l911b,1912) discoved that the pineal and adjacent area of 
blinded Phoxinus can cause dispersion of the otherwise aggregated 
melanophore-pigment, on being stimulated by light. The photosensit­
ivity of the pineal was later confirmed by Scharrer (I928), Young 
(1935), Breder and Rasquin (I950), Rasquin (I958), Holmgren (1959), 
Bagnara (I96O, I963, I966), Wilson'and Dodd (l973b) and many others.
There are many indications that the pineal in lower vertebrates 
is involved in concentration of the pigment in darkness. Pineal- 
ectomy results in abolition of blanching in ammocoetes of Lampetra 
(Young, 1935), Geotria (Eddy and Strahan, I968), tadpoles of Xenopus 
,(Bagnara, I96O) and Ambystoma (Brick, I962). Diurnal rhythm of 
colour change in some teleosts has been associated with photosensit­
ivity of the pineal (Reed, I968; Ruffin at al.,I969B; Reed et al., 
1969 and Reed and Finnin, 1974).
Bagnara (1960) observed an aggregation of pigment in the body 
melanophores of Xenopus larvae within IO-I5 minutes in darkness 
and redispersion of the melanosomes in over 60 minutes in light.
This led him to believe that the pineal plays an endocrine role in 
addition to photoreception and that lack of sufficient quantities 
or wave-lengths of light stimulate it to release melatonin (N-acetyl- 
5-methoxytryptamine), causing pigment aggregation. Removal of 
melatonin by metabolic processes results in redispersion of. the 
pigment on return to light.
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^^3'1'2 The secondary transient colour change responses to light.
The secondary colour changes in response to light involve the 
eyes as the receptor organs. The impulses which originate as a 
result are transmitted to. the effector cells in the skin, which 
respond by displacing their pigment. The effector—reaction time 
varies in length in different animals, and varies from slow to rapid 
(Neill, 1940).
1.3.1.2.1 Role of eyes in chromatic responses and extent of 
distribution of stimuli from either eye.
. ïyes have been known to be the primary organs concerned with the 
colour changes in chromatic animals since the time of Lister (1858). 
Pouchet (1876) confirmed that enucleated animals or those with their 
optic nerves severed are no longer capable of background adaptation. 
The possibility that separate retinal areas are concerned with respon­
ses to dark and light tinted backgrounds was indicated by von Frisch 
( 1911b),whose work with the trout, Salmo trutta suggested that the 
retina was differentiated into a lower and upper region which 
mediate responses to black and white backgrounds respectively.
Keeble and Gamble (I904) had speculated similarly regarding such 
regional demarcation in Crustacea, but their results were inconclusive.
Sumner (1933) elaborated von Frisch's technique and by covering 
the cornea of the eyes of Fundulus parvipinnis with celloidin caps 
painted with indian ink, demonstrated that covering the lower half 
of the eye resulted in pronounced darkening of the fish, even when 
the animal was kept upon a white background. When the upper half 
was covered, the fish went pale on a white background, and was paler 
than the control fish on a dark grey background. Sumner concluded 
that the response of the fish to the background is determined by the 
relative intensity of illumination in the upper and lower portions 
of the visual field, the upper acting positively and the lower 
negatively in causing the darkening of the fish. The later work 
ty Hogben and Slome (1936) on Xenopus indicated 'B' and 'W' areas 
in the retina, the stimulation of which caused darkening and paling 
of the skin respectively. Butcher and Adelman (1937) demonstrated 
that the dorsal and the ventral parts of the retina were physio­
logically different. Butcher (l937a,b, 1938 and 1939) was able
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Figure 1-1. Schematic representation of the central and peri­
pheral nervous control systems of melanophores as 
suggested by Iwata, K.S. and Fukuda, H. (1973). 
(simplified from their Figure XI-16, page 339).
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to rotate the eyes of Fundulus through 180 degrees, as practised 
earlier hy Filter (l937)» and experimented on various parts of 
the retina, either hy covering or destroying them. He concluded 
that stimulating the normally dorsal part produced pigment concen­
tration in melanophores and stimulation of the ventral part its 
dispersion, whatever the actual position of the retina. Butcher 
(1939) demonstrated that stimulation of a limited number of areas 
of the ventral retina by light causes darkening of the fish, while 
a large area of the dorsal retina is engaged in the paling of the 
body. Butcher (l937a-,b, 1938) provided histological evidence in. 
support of the retinal differentiation in Fundulus and showed that 
the dorsal 70^ of this contains, rods and single and double cones 
and the ventral 30^ has rods and double cones only.
Gentle (l971a»t) and 1972) observed histological differences in 
the dorsal and ventral halves of the retina in Phoxinus phoxinus, 
but he concluded that the whole of the retina is essential for normal 
chromatic responses.
It is, however, generally believed that excessive illumination 
of the ventral retina, with little or no light reflected on the 
dorsal one induces pigment dispersion and illumination of both halves, 
more specifically the dorsal one, results in melanosomal aggregation 
(Pujii and Novales, 1972; Iwata and Fukuda, 1973).
The absolute intensity of light seems to have a much less signif­
icant effect on the colour change responses of most fishes. In a 
few exceptional instances, Chaetodipterus (Breder and Rasquin, 1955) 
and Odontobutis (Naithoh and Iwata, 197^), intensity of illumination ' 
appears to be an important factor in the colour change responses of 
these fishes.
Extent of distribution of stimuli from either eye:- Complete 
blinding of the fish, or covering of both eyes, or severing of the 
optic nerves generally produces a definite though not maximal dark­
ening of the skin in fishes (Pouchet, 1872; Buytendijk, I9II; von 
Frisch, 1911b; Sumner, I9II; Polimanti, 1912; Bray, I9I8; Murisier,
1920; Abolin, I929; Parker, 1939» Osborn, 1939c; Gentle, 1971a), 
and the fish loses its capability to 'match' any patterned background 
(Mast, 1916). Unilateral enucleation, or severing of one optic 
nerve, or covering of one eye only does not affect the ability of 
the fish to change its colour (Secerov, I909; von Frisch, 1911b;
Figure 1-2. Diagrams showing pathways of the chromatic nerve- 
fibres in the minnow- A, melanophore-aggregating 
nerve-fibres, after von Frisch (1911b). B, melano- 
phore-dispersing nerve-fibres, after von Gelei, 
(1942).
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Sumner I91I; Mast, I916; Gentle, 1972a). Slight darkening
of the entire skin, following unilateral enucleation, was observed 
by Sumner (19II) and Mast (19I6), Pouchet (1876) noted a prominent 
darkening of the side with the intact eye-in trout, a condition 
which is associated with the complete chiasma. This contralateral 
darkening has also been mentioned by Semper (after Mast, I9I6, but 
without detail), in Macropodus spp..,. and in 'Teleskopfischen', 
and by von Frisch (l91Ib) in the trout and the carp.
1.3.1.2.2 Nervous pathway in the brain and the central nervous
system.
Knowledge of the nervous pathway in the brain is still fragment­
ary. The stimuli received by the retina are projected onto the 
contralateral optic tectum (Akert, 1949&, h; Schwassman and Kruger, 
1965). The dorsal retina projects onto the latero-ventral part 
of the tectum and the ventral onto its medio-dorsal part, and 
electric stimulation of these two parts of the tectum induces paling 
and darkening in the fish respectively, (iwata and Fukuda, 1973, 
in Carassius carassius). The optic tectum was believed to be the 
site engaged in the final interpretation of the background (Gentle, 
1971 b). By an.' extensive series of experiments involving electrical 
stimulation of different areas of brain, removal of various parts 
or the brain and photo-electric recordings of the chromatic behaviour 
of the crucian carp, C. carassius, Iwata and Fukuda (l973) were 
able to demonstrate the nervous pathway to the brain, from the opoic 
tectum to the medulla, and the spinal cord (Figure 1—l). The pres­
ence of a pigment motor-centre in the medulla oblongata was suggested 
by von Frisch (l911h)and its existence was confirmed by Gentle 
(1972 b) and Iwata and Fukuda (1973).
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1.3.1.2.3  Nervous contro], of the chromatophores.
Nervous control of colour change was first scientifically 
investigated by Brücke (I852) in the African chameleon, who observ­
ed that sectioning of the spinal cord and the peripheral nerves 
causes darkening of the integument. Bert (1875) suggested the involv­
ement of two sets of fibres in the colour change phenomenon. In 
teleosts Pouchet (I876) was the first to demonstrate the controlling 
role of the nervous system. Sectioning of the peripheral and the 
spinal nerves and cutting the autonomic chain resulted in the 
dispersion of the pigment in the melanophores innervated by these in 
the European turbot, Scophthalmus (Rhombus) maximus. Section of the 
trigeminal nerve dispersed the pigment of the head region only.
His work indicated an autonomic nature of the nerve-fibres control­
ling the melanophores. Lode (I89O) made similar observations on 
Salmo fario and Anguilla fluviatilis. He stimulated the spinal 
cord electrically with an induction coil through two needles inserted 
in it and observed concentration of the pigmant when the spinal cord 
had been cut posterior to the point of stimulation and the sympath­
etic chain was left intact. The levels of the stimulations and 
of the cuts appear to be uncertain. When any subcutaneous nerve, 
or the sympathetic nerve was severed and the stimulus provided as 
before, the melanophores of that region separated by the cut from the 
point of stimulation showed no aggregation of the pigment-
Very extensive work of this kind was done by von Frisch (1911b) 
on the minnow Phoxinus laevis Ag. (= P. phoxinus L.). He made 
several incisions in its nervous system and concluded that in the 
brain of the minnow there is a centre for pigment concentration, 
located at the front end of the medulla. The pigment-aggregating 
fibres originating from the centre in the medulla pass along the spinal 
cord. At the level of the 15th. vertebra they emerge and enter 
the autonomic chain to run backwards and forwards. Stimuli from 
the autonomic chain are carried through the rami communicantes to 
the spinal nerves and through them to the integumentary melanophores 
(Figure 1-2 A). On the head the trigeminal takes over the role of 
the spinal nerves. Von Frisch also indicated the presence of another 
centre for pigment aggregation in the spinal cord, which acts indep­
endently of the brain. Schaefer (l92l), in Pleuronectes plates^a;
Scott (1965), in Scophthalmus; Wilhelm (l9&9) Solea solea and
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Jwata and Fukuda (l973) confirmed the fundamental scheme of von 
Frisch, excepting that the level where the aggregating nerve fibres 
emerge from the spinal cord shifts to various points.
1.3*1.2.3-1 Single or double innervation?
After the demonstration of pigment-aggregating fibres by von 
Frisch (l9H^),which when stimulated cause an aggregation of the 
pigment granules in the melanophore, two schools of thought evolved 
to explain the movement of the pigment in the other direction.
The one believed in a mononeuronic control of the melanophores, in 
which the tonic influence of the aggregating fibres maintains the 
pigment in aggregated form and release from this influence resulting 
in its dispersion.
According to the second school of thought ( suggested as a 
possibility by von Frisch (l^llb)),there exists another nerve-fibre 
system which passes along with the pigment-aggregating ^stem and 
brings about an active dispersal of the pigment on stimulation.
The suggestion of a dineuronic control was first made ly Bert (lB75) 
in.the chameleon, and was later supported by Parker and his school 
(Parker, 1948).
1.3.1.2.4 Evidence put forward in support of double innervation.
Various evidence has been put forward in support of the double 
innervation of the melanophores. This inclmdes-
1.3.1.2.4-1 Formation of caudal bands.
Sectioning of the radial nerves in the tail region of a white- 
adapted fish results after only a few minutes in the production of 
a dark band in the fin, called the '"'caudal-band'*. Such a band was 
first produced in Fandulus by Wyman (I924)» %ho believed that its 
production was due to the dispersion of the pigment in the melano­
phores when thoy were released from the nervous influence of the 
pigment-aggregating fibres. Parker (1931-193®) employed this 
technique in a series of experiments with Fmndulus and Ameiurus.
His interpretation of caudal-band formation in these animals did 
not agree with that of Wyman. Parker believed that the injury due i 
sectioning of the pigmentary nerve-fibres causes a long-lasting.
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stimulation of the dispersing fibres rather than the aggregating 
fibres and so results in a prolonged discharge of dispersing 
neurohumor from their cut ends. The dispersing neurohumor 
induces the melanophores distal to the cut to disperse their pig­
ment. When such fish with caudal bands were retained on white, 
the bands faded in a few days (Parker, I934h).
This was believed by Parker to be due to the action of the 
aggregating neurohumor which had invaded from the neighbouring 
innervated melanophores. Parker (l934h) made a new transverse cut 
in the faded caudal band, slightly distal to the first. This 
resulted in the production of a new (secondary) band within the old 
(primary) one. From these observations Parker concluded that the 
fibres which were disconnected from the CNS by the first cut were 
not paralysed but responded fully by passing impulses to the melano­
phores they innervated, when stimulated locally by the second cut.
To emphasize his point that impulses were continuously flowing from 
the cut ends, Parker (l934b) applied a cold block near the middle of 
the caudal band on Fundulus. The band proximal to the region of 
application of the cold block remained dark, while that distal 
to the point of application faded through interruption in the flow 
of impulses. On removal of the cold block the band became contin­
uous again. Similarly an application of a cold block at the time 
of the production of a new dark band in white adapted Fundulus 
resulted in the dispersion of pigment between the cut and the block. 
After its removal, the band took hour to complete.
Several subsequent workers repeated these experiments of Parker 
or made different experiments and appear to believe in the exist­
ence of the melanosome-dispersing fibres (Dalton and Goodrich, 1937, 
in Macropodus; Matsushita, 1938, in Parasilurus; Tomita, 1940, in 
Pterophyllum; Fries, 1942, 1943, in Fundulus; Umrath and Walcher, 
1951, in Macropodus; Robertson, 1951; in Salmo; Gray, 1955&, 195^, 
in Phoxinus; Fujii, 1959a, D, 19^9, in Chasmichthys; Iwata et ad., 
1959a,in Carassius; Healey, 19^7, in Phoxinus; Fujii and Novales, 
1969a in Fundulus, Grove,1969%,% in Phoxinus;Kinosita and Ueda,
1970, in Oryzias ).
27.
,1.3.1.2.4.2. Action of agrgregating and dispersing neurohumors 
on caudal hand melanophores.
The production of the caudal hands was ascribed by Parker 
to the activity of the dispersing neurohumor released from the 
stumps of the dispersing fibres of the severed radial nerves, 
which induces the melanophores distal to the cut to disperse 
pigment.
Its fading on a white background he ascribed to the invasion of 
the aggregating neurohumor from the surrounding innervated melano­
phores (section 1.3.1.2.4.1). Parker (l934d) demonstrated disper­
sion of the pigment in the melanophores of the peripheral region 
of a faded caudal band in white-adapted Ameiurus when two new bands 
were cut on the upper and the lower side of the old one. This, he 
believed, was due to the invasion of the dispersing neurohumor 
released by the dispersing fibres in the new bands.
Mills (1932a) demonstrated a gradpal aggregation of the pigment 
from the periphery to the centre of the caudal-band in Fundulus 
when the fish was transferred to white. On its transfer to black, 
dispersion followed the same route. Pallor due to shock, on the 
contrary, Affected these cells uniformly. She concluded that the 
secretions responsible diffused from the neighbouring tissue 
innervated by two kinds of fibres and were not carried by the 
bloodstream from a distant gland.
Mills (1932b) observed the melanophores on the edges of the 
dark bands in Fnndulus on background reversal and found that the 
limits of pigment dispersion in the fish first pale and then dark 
did not coincide exactly. She also observed some melanophores 
on the periphery of the caudal bands which failed to aggregate 
when stimulated electrically but dispersed it on turning off the 
current. In other instances some melanophores aggregated the 
pigment on stimulation, but failed to disperse it on turning off. 
These she and Parker referred to as partially denervated melano­
phores. An asymmetrical pigment dispersion was noticed in margin­
al melanophores of a newly—produced band in PhQxiims. by Gray 
(1955b). Melanin distribution was scanty in the processes facing 
the outer innervated area and abundant in those towards the denerv- 
ated centre. /
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1.3.1.2.4.3 Regenerating nerve fibres.
Evidence for double innervation was provided by Abramowitz 
(1936a) by the study of the responses of the melanophores in the 
caudal band in which the severed nerve-fibres were at different 
stages of regeneration in Fundulus, 2 or more weeks after the nerve 
sectioning of the band. In such preparations, photographs were 
taken of the melanophores in the distal part of the caudal band 
after background reversals and electric stimulation. On compar­
ison, it was found that some melanophores in the caudal band were 
capable of aggregating their pigment maximally, but failed to dis­
perse; others were capable of dispersing and aggregating it max­
imally; still others responded with maximal pigment-dispersion but 
only partial aggregation; finally, there were some which were 
totally incapable of moving the pigment. One-way response of 
some melanophores was believed by him to be due to regeneration of 
one set of nerve fibres, the cells which responded normally had 
acquired the completely regenerated nervous supply, whereas others 
still lacked any.
 ^ Healey (I967) observed that the rate of transient colour change 
on background reversal in spinal-sectioned white or black adapted 
minnows Phoxinus phoxinus progressively increased after 26 weeks 
of spinal-sectioning, and that it was almost normal in about 45 
weeks. However, in some of the minnows the rate of pigment move­
ment was consistent with that of an unoperated fish in one direction 
only, and was much slower in the other. This study seemed to indic­
ate a dual nature of the nervous control of colour in Phoxinus.
1.3.1.2.4 .4 Responses of experimentally produced melanonhores.
Ahmad (l970b, 1974) observed the transitory colour changes
of experimentally produced melanophores in the minnow P. phoxinus.
He noted an earlier development of response to aggregate the 
pigment in the young melanophores, which progressively developed 
the response to disperse their melanin as they grew older. This 
differential development of nervous sensitivity of the newly-formed 
melanophores was considered to provide evidence for their double 
innervation.
29.
1.3• 1.2.4.5 Selective electrical stimulation of the a,i^ gre,eating 
and dispersing nerve fibres.
The pigment-aggregating nerve-fibres are well known to respond 
to electrical stimulation and this has been demonstrated in many 
fishes (von Frisch, 1911b ;Spaeth, 19l6a,b; Ueda, 1955» Pye, 1964a; 
Scott, 1965; Fujii and Novales, I968, 1969a, 1972; Iwata and Fukuda, 
1973). Stimulation of dispersing nerve-fibres has been claimed by 
■Giereberg (1930), Parker and Rosenblueth(l94l) » von Gelei (l942), 
Iwata et al. (l959^)an<t Kinosita and Ueda (l970)-
Parker and Rosenblueth (1941) claimed to have stimulated the 
dispersing-fibres in the tail of the catfish Ameiurus with long, 
slow electric pulses ( frequency 1-2 Hz.; pulse duration 3OO-5OO 
msec.; pulse intensity 6-8 volts; total duration 5-10 minutes). 
Stimulation with rapid, brief pulses (frequency 15-25 Uz.; pulse 
duration 4-8- msec.; pulse intensity about 8 volts; total duration 
5-20 minutes) resulted in pigment concentration.
Giersberg (1930) attempted to stimulate the dispersing-fibres 
with the presumption that these were cholinergic in nature and that 
in the intact fish they were difficult to stimulate because of the 
dominance of the aggregating ('presumably' adrenergic) nerve- 
fibres. He injected ergotamine to suppress the action of adren­
ergic fibres, and acetylcholine to potentiate the action of the 
cholinergic fibres in Phoxinus, and on electrically stimulating 
the spinal cord reported to have observed darkening of the fish.
Von Gelei (I942) combined the technique adapted by Giersberg 
with sectioning of the autonomic chain of Phoxinus and stimulating 
its hind brain or the anterior end of the spinal cord. As a 
result he obtained melanosomal dispersion anterior to the level 
of the cut. On this basis he claimed to show the pathway of the 
dispersing-fibres (Figure 1-.2.B). According to him they emerge 
from the spinal cord through the first or second rami and run 
posteriorly through the autonomic chain, supplying the melanophores 
through the spinal nerves.
Iwata et ad.(1959a) observed melanosomal dispersion in isolated 
scales of the crucian carp Carassius carassius following alternate 
current stimulation during the degenerating process when the scale 
preparation was kept in Ringer's solution- The effect was
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attributed to the difference in the rate of degeneration of the 
two sets of nerve-fibres. Kinosita and Ueda (I97O) have reported 
success in electrically stimulating the nerve-fibres of both kinds 
in the scale preparations of Oryzias latipes and have observed 
melanosomal movements in a single melanophore associated with frequ­
ency and the strength of the electrical stimulation. The scale, 
in Ringer's solution, was electrically stimulated with single 
square pulses, a train of square pulses and sine-wave alternating 
current. Concentration of the pigment was observed following stim­
ulation with single, repetitative square pulses and sine-wave 
alternating current. Stronger stimuli resulted in pigment aggreg­
ation, while weaker ones generally caused its dispersion. Their 
results were, however, not always positive.
1.3.1.2.4. Action of drugs: Acetylcholine as a transmitter?
Numerous attempts to determine the parasympathetic nature of 
the dispersing-fibres had been made by the Parker school. Acetyl­
choline was frequently described as a possible transmitter 
at the neuro-effector junction, inducing melanosomal dispersion in 
many teleosts (Parker, 1931, 1934d, 1940, in Ameiurus; Mendes, 1942, 
in Hoplias; Parker,.1934c, . Green, I968, in Fundulus; Reidinger 
and Umrath, 1952, in Macropodus; Umrath, 1957, in Rhodeus;
Robertson, 1951, in Salmo; Wilhelm, I969, in Solea, Rhomboidichthys. 
Pleuronectes and Cottus). Slight pigment dispersion after ACh 
injection has been reported by Barbour and Spaeth (1917), Abbott 
(1968) in Fundulus; Wunder (l93l) in Rhodeus; Ando(l960), Watanabe 
et al., (1962) in Oryzias; and Healey and Ross (I966) in Phoxinus. 
Chin (1939) observed localized darkening on injecting ACh into 
Macropodus. Parker (1934c, 1940) reported that when an eserinised 
Ameiurus was injected with ACh, the fish went darker.'
1.3.1.2.5 Objections to the evidence for double innervation 
as put forward by Parker.
Parker and his school have been widely and adversely criticised. 
Their caudal band experiments were repeated and controversial 
results were obtained, particularly with the formation of the 
secondary bands and with the obstruction of impulses on applica­
tion of a cold block. The secondary bands could not be induced
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in the faded primary bands by Osborn (1938) in Ameiurus; Vilter 
(1938) in Gobius; Adelinann and Butcher (l93?) in Fundulus; Scott 
(1965) in Sccphthalmus; Pujii-and Ncvales (1969b) in Chasmichthvs. 
Scott (1965) in Sccphthalmus and Pujii and Ncvales (l969^)in 
Chasmichthys also failed to produce any blockade of the impulses 
on application of the cold block, as was described by Parker (19341)).
Various alternative suggestions were put forward regarding the 
dispersion of melanosomes following severing of the nerves which 
contradict Parker's diffusing neurohumoral concept. Waring (1942, 
19^3), Young (1962), Healey (l954) and others favoured a single 
system of aggregating-fibres antagonized by a blood-borne pituitary 
pigment-dispersing hormone (MSH) which acted on.the denervated 
melanophores in the caudal band to cause the melanosomal dispersion. 
Gray (l955a, 195^) based his explanation on the assumption that 
the disconnection from the CNS by nerve sectioning results in some 
inherent dispersing mechanism of the melanophores coming into 
action, rendering the melanophores refractory to the aggregating 
neurohumors for a certain period. Later the melanophores lose 
their refractoriness to diffusing neurohumors and may even become 
hypersensitive. Hypersensitization of the mammalian autonomic 
effectors on denervation and a consequent lower threshold to chemical 
stimulating agents had already been demonstrated by Cannon and 
Rosenblueth (l937), Pujii (I96I) and by Trendelenburg (I963, I966). 
Both Smith (I941) and Parker (1941, 1942) reported the sensitiz­
ation of the denervated band melanophore to adrenaline.
Pujii and Novales (1968, 1969b) put forward another explana­
tion of the melanosomal-dispersion in the denervated cells, accord­
ing to which these melanophores, although released from the axon­
al activities still receive transmitter leaked from the dispersing- 
fibres until the presynaptic store is exhausted within a few hours 
after the cut (3-5 hours in Chasmichthys (Pujii, 1959a)).
Enzymes, possibly acetylcholinesterase and catechol-o-methyl 
transferase in the tissue space may, according to Pujii (1959&), 
inactivate the transmitter molecules invading the denervating 
region. In such an environment, melanosomes inside the melano­
phores may be distributed by Brownian movements. This hypothesis 
of Pujii, like Parker’s, is based on the presumption that the 
dispersing neurotransmitter is primarily acetylcholine and the
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recent studies have more or less completely ruled out the possibility of 
such a neurotransmitter in a majority of teleosts. This presumption 
also ignores the possibility of stimulation of the aggregating-fibres 
when the cut is made and the production of the aggregating neurotrans­
mitter as well.
The selective stimulation of two sets of nerve-fibres claimed by 
Parker and by others (see section 1.3.1.2.4.5 page 29) has also encount­
ered serious challenges. Waring (1963) and Pye (1964a) could not confirm 
Parker and Rosenblueth's (I941) results in Ameiurus or in any other spec­
ies. Healey (1953» 1954), Healey and Ross (I966), Pye (1964a) and 
Wilhelm (1969) claimed that the dispersing neurones, if they are really 
present, must take a different path from that shown by von Gelei. Gray 
(1956) attacked the approach of Giersberg and von Gelei and suggested 
that the electrical stimulation led to the stimulation of chromaffin tis­
sue to release adreneline,, whose effect was reversed by ergotamine. This 
is consistent with the general view held in mammals (Dale, I9O6; Goodman 
and Gilman, 1971). Iwata and Pukuda (1973) strongly denied the existance 
of any pigment-dispersing fibres running along the sympathetic chain 
with.the aggregating ones as was claimed by von Gelei. They believed in 
the presence of a dineuronic colour control system only in the CNS, one 
system being excitatory (aggregating) and the other inhibitory (dispers­
ing) in their final connections with the peripheral chromatic motor neur­
ones. Beyond this point was a mononeuronic peripheral excitatory system 
concerned solely with pigment aggregation (see Pigure l-l).
The evidence for a cholinergic pigment-dispersing mechanism based up­
on drug effects is far more unconvincing. That ACh takes any part in 
dispersion of melanosomes in the fish melanophores seems unlikely, because 
a number of investigations have proved it ineffective (Wunder, 1931» in 
Rhodeus; Scott, I965» in Scoohthalmus; Pye, 1964a, Healey and Ross, I966 ; 
Grove , 1969 a, in Phoxinus; Abbott, I968, in Pundulus; Iwakiri, 19^8, 
in Orvzias Pujii, 19^9» in Chasmichthvs; Reed and Pinnin, 1972, in 
PtArmpbvlInm: . Miyashita and Pujii, 1975» in Lebistes ).
Contrary to any dispersing effect of ACh, some cases have been recor­
ded in which it caused aggregation of the pigment (Beauvallet, 1938, in 
Carassius; Bogdanovitch, 1937» in Pundulus; Enami, 1955 » Pujii and 
Miyashita, I976 a; 1978, in Parasilurus ; . Scott, 1965,in Scophthalmus.
Pujii and Miyashita (1976a, 1978) have demonstrated conclusively that 
the innervation of the melanophores in Parasilurus asotus is cholinergic 
in nature, and the neurotransmitter concerned is ACh.
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 ^ 1.3.1.2.6 The melanosome-aggrcgating neurotransmittor.
The "blanching effects of adrenaline (À) have "been known since 
190 ,^ when Liehen showed this in Rana temporaria. He believed
that A acts directly on the cells. Puchs (1914) on the other 
hand, emphasised its nerve-stimulating effects in producing pigment 
aggregation. Spaeth and Barbour (I917), Bray (1918), Abolin 
(1925),and Giersberg (I930) supported Puch's view. Wyman (1924)
. and Parker (l934e) reached the same conclusions as Lieben (I906) 
and were later supported by Ueda (l955), Pujii (1958), Iwata et al. 
(19591), Ishibashi (1960a) and others.
Von Euler (1946, 1956) demonstrated that noradrenaline (NA) 
was the predominant catecholamine (CA) in mammalian adrenergic 
fibres. Since then NA, rather-than A, has been recognised as the 
transmitter released at these neuroeffector junctions. Many work­
ers in fish colour change reported melanosomal aggregation after the 
administration of NA (Ueda, 1955, in Gam"busia; Umrath, 1957, in 
' Rhodeus; Pujii, I96I, Pujii and Novales, 1972, in Chasmichthys; 
Pânge, 1962, in Lebistes and Gadus; Scheline, I963, in Labrus;
Pye, 1964a, Healey and Ross, I966, Grove, 1969a, in Phoxinus; 
Scott, 1965, in Scophthalmus; Abbott, I968, in Pundulus; Khokhar, 
1971a, in Ictalurus; Pernando and Grove, 1974a,b, in Pleuronectes; 
Reed and Pinnin, 1974, in Pterophyllum; Pujii and Miyashita, 1975, 
in Lebistes).
Miyashita and Pujii (1975) and Pujii and Miyashita (l976b)
• claimed to have observed the aggregating effects of NA and other 
monoamines (A, dopamine and serotonin ( 9-hydroxytryptamine))when 
higher concentrations of these substances were applied to the 
melanophores in the seale-preparations of Lebistes. The lower . 
concentrations of these molecules caused dispersion of the melano­
somes in some preparations. The dispersion of melanosomes in 
the dermal melanophores following administration of A was earlier 
described by Enami (I94O) in Parasilurus and by Breder and Rasquin 
(1955) in Chaetodipterus. Watanabe et ad. (1962) observed an 
initial aggregation of pigment followed by dispersion in the melano­
phores in Orvzias. The dual functioning of the same molecules 
of these substances strengthens the evidence favouring mononeuronic 
control of the melanophores, pigment aggregation being mediated
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through the u-adrenoceptors and its dispersion through /3-sites on the 
postsynaptic membrane.
1.3.1.2.7 The melanosome-dispersing neurotransmitter and some 
other possible neurotransmitters.
It is now generally accepted that ACh has no bearing on the 
chromatic physiology of the teleosts (section 1.3*1.2.5 pages 30 - 32 ) 
apart from the single case so far reported by Pujii and Miyashita (1976a, 
1978) in Parasilurus asotus. However, despite the negative results 
obtained by ACh on most fish melanophores, the promtness of pigment 
dispersion in many fishes suggests a neural mechanism associated with 
a transmitter substance other than ACh (Healey, 1954; Pujii, 1959a, b, 
1966a, 1969, 1973; Pujii and Novales, 1969a, 1972). Recently some 
substances have been identified as possible transmitters in a variety 
of animal tissues. They include dopamine (DA), 9-hydroxytryptamine 
(5-HT, serotonin), histamine, gamma amino-butyric acid (GABA), glycine, 
L-glutamic acid, L-aspartic acid, octopamine, piperidine, taurine, 
proline, P-substance and ATP (Costa et al., 1976; Pujii and Miyashita, 
1976b). Very few of these possible neurotransmitters have so far been 
tried on fishes and any results obtained have been inconsistent, DA 
(the precursor of A and NA) has been shovm to cause aggregation by 
Scheline (1963) in Labrus ossifagus; Scott (1965) in Scophthalmus 
aquosus; Healey and Ross (I966) in Phoxinus phoxinus; Abbott (1968) in 
Pundulus heteroclitus; Iga (I968) in Oryzias latipes; Pernando and 
Grove (1974a,t) in Pleuronectes platessa and Miyashita and Pujii (l975) 
in Lebistes reticulatus.
5-HT is known to produce pigment-concentration in cephalopods, 
amphibians and reptilians (P^ge, I962). It has been shown to inhibit 
pigment dispersion produced by lysergic acid, diethylamide or reserpiné 
in Lebistes reticulatus by Cerletti and Berde (1955) and by Berde and 
Cerletti (1957). Scott et al. (l962b) demonstrated its local pigment- 
concentration effect in Scophthalmus aquosus. Scheline (1963) in 
Labrus ossifagus; Scott (1965) in Scophthalmus aquosus; Abbott (1968) 
in Pundulus heteroclitus; Khokhar (1971a) in Ictalurus melas and 
Miyashita and Pujii (1975) in Lebistes reticulatus reported similar 
results. Pujii (1961) failed to. produce any pigment-aggregation in 
the melanophores in isolated fin-preparations of Chasmichthys even
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when it was administered at 10 ^ M. Iwakiri (1968), on the other 
hand, described the concentrating effects of 5-HT in only the innerv­
ated melanophores of Oryzias latipes.
Histamine has been shown to cause melanin—aggregation by Robertson 
(1951) in Salmo ga.irdnsri after injecting it into the whole animal and 
by Miyashita and Fujii (l975) in the split-fin preparations in the 
guppy Lebistes reticulatus. Fernando and Grove (1974b) on the 
contrary, observed a melanosomal dispersion in the melanophores of the 
isolated skin-pieces of Pleuronectes platessa. Iwakiri (I970) 
reported a pigment-concentrating action of histamine on the denervated 
melanophores of the isolated scales of Oryzias latipes, whereas the 
innervated ones remained unaffected by this drug.'
GABA was found to have no effect on the melanosomal movement in 
Oryzias latipes by Iwakiri (1968) and in Lebistes reticulatus by 
Miyashita and Pujii (l975) a-ud Pujii and Miyashita (197^L). Similarly, 
glycine, glutamic acid and aspartic acid also failed to produce any 
effect on the pigment-movement in the guppy Lebistes reticulatus 
(Miyashita and Pujii, 1975; Pujii and Miyashita, 1978b).
In the light of the recent neuropharmacological research it can 
be concluded that the aggregating neurotransmitter at the nerve-melano- 
phore junction, in the majority of teleosts, is NA. ACh as a possible 
dispersing neurotransmitter appears to be highly improbable, however, 
its aggregating effects in Parasilurus asotus as reported by Pujii and 
Miyashita (1978a, 1978) indicate a cholinergic mechanism involved in 
that siluroid catfish. No recent research on the neurotransmitter- 
suspects indicates the possibility of participation of any one of these 
in pigment dispersion of the few fishes studied. The dual action of 
the monoamines in different concentrations, described by Miyashita and 
Fujii (1975) and Pujii and Miyashita (1978b) and a difference in the 
number of ct- and adrenoceptors on these cells appear to be the 
only reasonable explanations of this most disputed phenomenon.
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1.3*1.2.8 . Histological evidence favourin,? the nervous control
of chromatophores.
Several attempts have been made to trace the nerve-fibres to the 
chromatophores and to study the actual neuro-effector junctions.
These studies were either light microscopic or electron microscopic 
in nature.
1.3.1.2.8 Light microscopic studies.
Studies of the neuro-effector junctions were carried out by Leydig 
(1873) on lizards and snakes, by Ehrmann (I881) on frogs and by Lode 
(1890) on fishes. Their results indicated that there was no sharp 
boundary between the substance of the unmyelinated nerve-fibre and 
that of the chromatophore.
Eberth (I893) and Eberth and Bunge (1895) employed the silver 
impregnation technique to the bleached skins of many teleosts and 
observed that each chromatophore normally receives branches from several 
nerve-fibres. These fibres either pass through the cell or end in 
its superficial cytoplasm in small end-droplets or'buttonsL In no 
case are the substances of the nerve—fibre and of the effector cell 
continuous, as was reported by earlier workers. Ballowitz (l893a,b) 
and Wyman (1924) reported a similar structure in the perch (Perea 
fluviatilis) and in the killifish (Fundulus heteroclitus) respectively.
Kuntz (1917) employed the pyridine-silver technique and demonstrated 
the occurrence of both myelinated and unmyelinated nerve-fibres in 
the skin preparations of the flounder, Paralichthvs albiguttus, but 
only traced unmyelinated fibres of small calibre to the pigment cells. 
Kuntz suggested they were sympathetic in nature.
The reports of the presence of a network of fibres, derived from 
more than one main incoming fibre, around the melanophore was inter-^ 
preted as support of the dineuronic control of the melanophores by 
Parker (1948).
Whitear (1952) reported that there were no more than one nerve- 
fibre supplying each melanophore in the minnow Phoxinus phoxinus. 
Jacobowitz and Laties(l968) in Tautogolabrus adspersus and Falck et 
(1989) in Salmo gairdneri identified thin fibres around the melanophores, 
occasionally showing several varicosities,indicating that a single
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axon may make a number of contacts with a melanophore. These fibres 
were shown to have small amounts of noradrenaline by catecholamine 
histochernical fluorescence methods (Jacobowitz and Laties, I968;
Falck at ad., I969).
1.3.1.2.8.2 Electron microscopic studies.
Bikle et ad. (I986) observed myelinated and unmyelinated nerve-fibres 
located very close to the melanophores in electronmicrographs of the 
scales of Fundulus heteroclitus. They reported that the nerve- 
ending contains typical synaptic vesicles, 35 ~ 85 nm, in diameter, 
sometimes with a mitochondrion present in it. Pear-shaped cortical 
pits, 85-IOO nm. were found just within the plasma membrane of the cell 
and they were attached to the membrane by narrow necks. These struc­
tures were believed to be identical with the micropinocytotic vesicles, 
possibly engaged with the uptake of the neurotransmitter and the hormon­
al secretions.
Based on E.M. observations on Chasmichthys gulosus Fujii (1986a) 
and Fujii and Fujii (I966) reported that occasional unmyelinated 
(adrenergic) nerve-fibres make contact with the melanophore, on the 
basal part of its processes, while melanin-dispersing fibres ("suppos­
ed cholinergic") may make a junction with the peripheral part of the 
processes. The suggested adrenergic nerve junctions have presynaptic 
vesicles of various sizes, while vesicles of rather uniform diameter 
(about 50 nm.) are associated with presynaptic elements of the presumed 
cholinergic fibres. The actual nature of the dispersing transmitter 
was unknown by Fujii and Taguchi (1970).
Fujii and Novales (1969b) and Fujii and Taguchi (l970) believed 
they had identified the two kinds of nerve-fibres in close apposition 
to the plasma membrane of the melanophores. The adrenergic melanin- 
aggregating fibres were distinguished on the basis of presence of 
large dense-cored vesioles of 60- 100 nm. in diameter.in their axonal 
profiles. The cholinergic-type fibres contained numerous small 
synaptic vesicles from 30- 50 nm. in their profiles. The small synaptic 
vesicles were believed to be the quantal pockets of a new kind of trans­
mitter other than acetylcholine.
Schliwa (1976), on the other hand, observed actual nerve-to- 
melanophore contacts both at the levels of the cell-body and at the 
processes in Pterophyllum scalare and located two kinds of vesicles
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in each; many small, round vesicles (about 50 nm. in diameter) of 
moderate electron density and a few large (about 100 nm. in diameter) 
dense-cored vesicles. Occurence of both types of vesicles in 
varying proportions in the same axon is a rather general finding among 
various kinds of adrenergic fibres in other animals as well (Tranzer, 
1973). The monoaminergic nature of the nerve-fibres engaged in the 
pigment movement in the fishes was emphasized by Schliwa (1976).
Less abundantly present large dense-cored vesicles are believed to be 
the quantal pockets of the monoamines in mammals (Tranzer e^ al., 19^9; 
Fillenz, 1971) and their presence in presynaptic elements could explain 
the results obtained by Fujii and Miyashita (l975) and Miyashita and 
Fujii (1975) according to Schliwa (1976).
1.3.1 .2.9  The receptor sites; agonistic and antagonistic drugs.
Addition to knowledge of the pharmacology of the neuro-effector 
junctions and the effective role of CA (A, NA and DA) in melanosomal 
movement in the melanoph.ores of many fishes, led many to believe that 
at least the post-ganglionic melanin-aggregating fibres and the trans­
mitter involved are adrenergic in nature. Mammals and other higher 
vertebrates are known to possess certain specific molecular sites, 
the adrenoceptors, on the effector cells, through which the molecules 
of the adrenergic agonists react in order to elicit the characteristic 
responses of the cell (Ahlquist, 1948). Two distinct types, the 
alpha- (associated mostly with excitatory functions) and the beta- 
adrenoceptors (engaged in most inhibitory functions) are known. They 
differ in their relative responsiveness to closely related sympatho­
mimetic amines i.e. catecholamines (CA), isoprenaline, phenylephrine etc. 
(Ahlquist, I966; Furchgott, 1972).
In fishes the presence of these two adrenergic receptors has been 
indicated by many workers. The a-receptors are believed to be 
involved with the aggregation of the melanosomes (Fujii, I96I; Iga, I968; 
Grove, 1969a;Reed and Finnin, 1972; Moussali and Abbott, 1973;
Fernando and Grove, 1974a, b; Fujii and Miyashita, 1975), and p- with 
their dispersion (Reed and Pinnin, 1972; Miyashita and Fujii, 1975;
Pujii and Miyashita, 1976b). In the exceptional case of the siluroid
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catfish Parasilurus asotus Fujii and Miyashita (l976a, 1978) demonstrated 
the presence of the cholinoceptors of muscarinic type, which mediate 
pigment aggregation.
Alpha and beta stimulants: Substances which show affinity towards any
particular receptor-site on administration and potentiate a - or fi- 
effects in the receptor cells are called the a- or /J- agonists. In 
mammals a- agonists include A, NA, phenylephrine, and methoxamine 
(yasoxyl). Isoproterenol, A, NA and terbutaline are catalogued among 
ji- agonists (Ahlquist, 1976a). The aggregating effect of some a- 
agonists on fish melanosomes has been described by many workers 
(Parker, 1948; Fujii, 1961,1969; Iwata at al., 1959^; Scheline, 1963; 
Scott, 1965; Healey and Ross, I966; Abbott, I968; Grove, 1969a;
Fernando and Grove, 1974a, b; Fujii and Miyashita, 1975)* Isoproterenol, 
a representative agonist, has also caused pigment aggregation (Healey 
and Ross, I966; Scott, I968; Iga, I968; Grove, 1969a; Fernando and 
Grove, 1974a, b) but Reed and Finnin (1972)"demonstrated its pigment- 
dispersing effects, along with other ft- agonists orciprenaline and 
isoxsuprine, in the angelfish Pterophyllum eimekei in vivo. Miyashita 
and Fujii  ^(1975) and Fujii and Miyashita (l975, 1976b) demon­
strated the pigment-aggregating a- effect of the CA and some other 
related sympathomimetic amines like phenylephrine, isoproterenol, 
methoxyphenamine and protokylol in high concentrations and their beta- 
action in lower concentrations. Other ft- agonists like metaproterenol 
and isoxsuprine exhibited a strong dispersing action on melanosomes 
over a wide range of dosage in split—fin preparations of the guppy 
Lebistes reticulatus.
Alpha and beta blockers;- The response mediated through the adreno­
ceptors can be blocked by the use of certain specific substances, the 
blocking agents, which have an affinity for these adrenergic receptors 
but do not have the potency to stimulate them (Ahlquist, 1976b, 1977)
They have been designated a- and 'ft- blockers according to their 
ability to block the a- and ft- effects. The administration of any 
of these substances blocks the corresponding receptor-site and thus 
renders the other receptor-site available to any other substance affect­
ing it (see Appendix 1 for lists of a- and ^ -blockers used in fishes).
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1.3»1.2.10 Effect of chemical ions on pimnent movement.
Certain ions are known to cause pigment movement in chromato­
phores, either by acting directly on them, or by stimulating the nerve-
fibres to release the transmitter. '
2+
The melanosomal-aggregating action of Ca has been demonstrated 
by many workers (ishibashi, 1957j Higuchi, I96O; Watanabe et .al.,
1965; Pujii and Novales, I968; Iwakiri, 1970; Katayama, 1974)» Iwakiri 
(1970) suggested that calcium may act directly on the melanophores 
in Oryzias.
K -induced pigment-aggregation has been observed in the melano­
phores. of many fishes (Nagahama, 1953; Pujii, 1959^; Ishibashi, 1960a, b; 
Etoh and Egami, I963; Iga, I968, 1970, 1975; Hawkes, 1974; Castrucci, 
1975a), in erythrophores (Byers and Porter, 1976; Junqueira and Farias, 
1976; Matsumoto at ad., 1978) and in xanthophores (Junqueira and Farias, 
1976). Pigment-aggregation is believed to be brought about by the 
action of potassium ions on the nerve-terminals, releasing quanta of 
the aggregating neurotransmitter (Fujii, 1959a,b; Fujii and Novales,
1968; Iga, 1968, 1970, 1975)' On the other hand, Nagahama (l953) 
and Byers and Porter (I976.) believe that the aggregation of the 
pigment in these cells is brought about by the direct action of the k"*" 
ions on them. Iga (1976) supported the later contention and pointed out 
a dispersing action of E^on the concentrated melanosomes of the innerv­
ated and partially innervated melanophores on the isolated scales 
of Oryzias.
Melanosomal aggregation following the application of many alkaline
+ 2+ 2+ 2+ + 
and alkaline-earth ions like Li , Ba , Sr , Mg and NH^ was
demonstrated by Fujii (1959a), Watanabe et ad. (I965), Fujii and
Novales. (I968) and Katayama (1974). It is generally believed that
these substances act on the nerve-terminals to release the neuro-
transmitter (Fujii and Novales, I968).
Na^ has been observed to have caused the dispersion of melano­
somes in the melanophores of many fishes (Fujii, 1959%; Etoh and Egami, 
1963; Hawkes, 1974; Castrucci, 1975a). . The dispersion of the carot­
ene id-containing droplets within the erythrophores and the xantho-
+
phores of 14 teleost species following the application of Na has been
reported by Junqueira and Farias (1976).
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1.3.1.2.11 Hormonal control of chromatophores.
Information to date indicates that the control of the chromatic 
behaviour of the cyclostomes and the elasmobranchs is aneuronic and 
is exclusively hormonal (Warihg, 19^3? Pujii, I969). In teleosts the 
controlling systems are more diverse (Pickford and Atz, 1957, Waring, 
1963). Both nervous and hormonal systems work side by side to vary­
ing degrees. In some animals like Anguilla the blood-borne hormones 
seem to be predominantly responsible for melanosomal movements 
(Neill, 1940), while in the others e.g. Macropodus opercularis the 
pigment cells are said to be solely regulated by the nervous system 
(Umrath and Walcher, I95I).
Various organs have at times been associated with the endocrine 
activities associated with the chromatic behaviour of the animals.
These included the pituitary, pineal body,adrenal medulla and pseudo­
branch.
The pituitary seems to play the most important role in the horm­
onal coordination of the pigmentary changes. Its role in amphibian 
colour changes was indicated by Adler (I914), Smith (1916), Allen (I9I6) 
and Hogben and Winton (I923). The hypophysectomised elasmobranchs 
and amphibians remain permanently pale irrespective of the background 
(Lundstrom and Bard, 1932; Parker, 1948» Pickford, 1957). It was 
established that the pars intermedia of the pituitary secretes this 
dispersing hormone (intermedine or MSH) (Hogben and Winton, 1923;
Hogben and Slome, 1931), and that the secretion is regulated by the 
stimulatory or inhibitory stimuli from the hypothalamus (Vale et al., 
1973; Hadley and Hruby, 1977). In teleosts, however, controversial 
responses were observed when the pituitary extracts of one animal 
were injected into the other. Kleinholz (1935) found dispersion of 
melanosomes in the catfish Ameiurus (= Ictalurus) nebulosus after 
injecting whole pituitaries from Fundulus; but when Fundulus pituit­
ary extract was injected into another Fundulus. no response of the melan­
ophores was observed.
It has been observed that the capability to adapt to a dark back­
ground is greatly impaired after hypophysectomy in fishes, indicating 
the pigment-dispersing role of the pituitary (Parker, 1940, in 
Ameiurus; Enami, 1940, in Parasilurus; Healey, 1940, 1948, in Phoxinus;
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Waring, 1940, in Anguilla). Wilson and Dodd (l9?3c) pointed out 
that MSH could not only initiate melanogenesis in Scyliorhinus 
Canicula, its presence was highly essential for the maintenance of 
the melanophores or they degenerate. MSH or crude pituitary extracts 
presumed to contain,it proved to he a melanin-dispersing agent in 
the intact fish or the isolated skin-pieces of many fishes (Durlach, 
1959» Waring, I963; Novales and Novales, 1966a) and a pterinosome- 
dispersing agent in the erythrophores of Xiphophorus helleri (Katsu- 
moto et al., 1978). On the contrary, some workers like Abbott (1970) 
and Abbott and Pavreau (1971) failed to find any response of Fundulus 
melanophores to synthetic n- and p- MSH. (Burgers (I963) demon­
strated the presence of two components of MSH in the pituitary of 
the codfish Gadus morhua, which were later identified as gv- and p- 
•MSH by Geschwind(l966)). Finnin and Reed (l973a) also failed to
observe any acute action of MSH on the melanophores of Pterophyllum 
eimekei and Nannostomus beckfordi anomalus.
A melanosome-aggregating principle (W-substance or MCH) in the 
pituitary of the fishes has been indicated (Hewer, I926; Healey, 1940, 
1948, 1951» Enami, 1955» Pickford, 1957; Pickford and Atz, 1957;
Imai , 1958; Kent, 1959» 19^0, I96I). Healey (1940, 1948) demonstrated 
that the slow colour changes of the spinal-sectioned minnow Phoxinus 
phoxinus disappear after hypophysectomy and the fish remains dark, 
regardless of the colour of the background, due to the absence of 
the aggregating principle from the pituitary. The injection of 
pituitary extracts from other minnows causes aggregation of the pigment 
in such fish. In this way he could show that although the melano­
phores are primarily neurally controlled, the pituitary contained an 
aggregating substance as well. The bihormonal theory of Hogben and 
Slome (1931) for amphibian colour change, was supported by the 
studies on the time relations of the hormonal colour changes in 
Anguilla by Neill (1940) and in Phoxinus by Healey (I951).
Although the very existence of MCH has often been doubted in many 
fishes, various parts of the pituitary have been related with its 
synthesis, such as the anterior region of the adenohypophysis in elas­
mobranchs (Waring, 1942) and the anterior lobe in Phoxinus (Healey, 
1940). Kent (1959) suggested that the anteriorly produced hormone is 
stored in the posterior part of the. pituitary. Enami (1955) however, 
associated the hypothalamus (nucleus lateralis tuberis) with its
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synthesis.and the pituitary (mesoadenohypophysis) with its storage.
In Ictalurus melas it was found that on hypophysectomy the power 
to disperse the melanosomes was impaired hut that of concentrating 
remained normal. There was no evidence for hypophysial aggregating 
hormone, nor of any pigment-dispersing nerve-fihres. On this basis
Khokhar (197O, 1971a,b,c) indicated the presence of one hormone and 
mononeuronic control in this fish.
Enami (1955) claimed to have separated the two hormones in the 
pituitary fractions of Parasilurus and claimed that MCH was ethanol- 
soluble and MSH insoluble. Pickford (1957) located MCH in the 
ethanol-insoluble fractions in Fundulus. Kent (I961) was, however, 
unable to separate MCH from MSH in Phoxinus, but on electrophoresis 
of neurointermediate lobe extracts of Salmo gairdneri. Baker and Ball 
(1975) could separate fractions having melanin-aggregating and melanin 
dispersing activities on the melanophores of the lizards Poccilia 
and Anolis. ' ■•■•
Adrenocorticotrophic hormone (ACTH) of the anterior lobe of the 
pituitary has been demonstrated to have some pigment-dispersing 
effects in elasmobranchs (Dittus, 1937), in Phoxinus (Kühler, 1952), 
in tail-fin melanophores of Gambusia (Colley and Hunt, 1974) and in 
hypophysectomised Anguilla (Fontaine and Hatey, 1953). Scott and 
Baker (1975) demonstrated a production of ACTH by the pars intermedia 
of the pituitary in Salmo gairdneri. Large doses of ACTH caused 
aggregation of the pterinosomes in the xanthophores of Gillichthys 
mirabilis (Sage, I97O), in the erythrophores of Carassius auratus 
(Ozato, 1977), and in Xiuhouhorus helleri (Matsumoto ^  al., 1978).
No response to ACTH by melanophores of Pterophyllum and Nannostomus 
was noticed by Finnin and Reed (1973a).
The possibility of the presence of a substance with potent 
melanin-aggregating properties in the pineal organs of the vertebrates 
was pointed out by McCord and Allen (1917), Breder and Rasquin (l950) 
and Rasquin (I958). This substance, melatonin (N-acetyl-5-methoxytry- 
ptamine) was isolated, purified and synthesized by Lerner et al. (1958) 
and by Lerner and Case (I960). The pigment-aggregation caused by 
melatonin administration has been observed in various fishes (Fujii, 
1961, in Chasmichthys; Mira, I962, in Scardinius eryrhrouhtalmus;
Healey and Ross, I966, in Phoxinus; Scott, I968, in Scophthalmus;
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Boyles,_ 19^9, Carassius ; Hafeez, 1970» in Salmo ; Ruffin et al.,
1969b, Finnin and Reed, 1970, 1973b in Pterophyllum; Wilson and Dodd, 
1973a, in Scyliorhinus; Ohta, 19j6, in Oryzias; Fujii and Miyashita,
1978, in Parasilurus), but in Fundulus (and- Carassius carassius, Etoh,
1962) no effect was noticed (Mori,' I96I; Abbott, I968, 1973). Uraski 
(1971) failed to observe any effect on the melanosome- and pterino- 
some-movement in Oryzias latipes after pinealectomy, or administration 
of pineal homogenate. Finnin and Reed (1973b) and Reed and Finnin 
(1973) observed a paradoxical pigment-dispersing action of melatonin 
in the pencil fish Nannostomus beckfordi anomalus.
Some -instances of the hormonal effect on the colouration of fish 
have also been cited, according to which follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), prolactin and thyroxine have a bearing
on the chromatic activity of the fish (see Abbott, 1973).
1.3.1.2.12 Pharmacological approach of colour change study.
The melanophores of many fishes respond to a number of drugs.
The effect of the drugs is observed after injecting them subcutaneously, 
intramuscularly or intraperitonialy into the intact or spinal-sectioned 
fish or fish with melanophores decentralised in other ways; into fish 
with denervated melanophores; or after subjecting the isolated scales, or 
isolated pieces of skin or fin containing melanophores to their solutions; 
or "by injecting the substances into the melanophores directly through a 
micropipette.
Considering the vast number of drugs used on fishes and the contro­
versial results obtained, only groups of drugs are being referred to 
here, with their generalized effects, which may differ in a few instan­
ces (see section 1.3.1.2.9 and Appendix l).
Many psychotherapeutic drugs have been tried on fishes: the pheno- 
thiazine tranquillizing drugs cause melanosome-dispersion and the 
psychic energizers act antagonistically and suppress the pigment 
dispersion (Scott, I968, 1972).
Mild doses of poisons, or other noxious substances are known 
to cause pigment movements in the fishes (Cerletti and Berde, 1955;
Scott and Gardner, 1965).
Autonomic pharmacology is perhaps the most promising field since
the establishment of the nerve-chromatophore relation. The para­
sympathomimetic substances have been repeatedly used on fishes but, in 
most cases, the results seem to be negative. The response of the 
melanophores to the sympathomimetic substances has been generally agreed. 
The adrenergic nature of the pigment-aggregating fibres in the majority 
of teleosts is beyond any doubt and the participation of <v- and p- 
adrenoceptors in mediating a concentration and dispersion of the melano­
somes has been demonstrated in some fishes.
• The effects of synthetic hormones and other drugs have also been 
tried on fishes dn vivo and ^  vitro and a- and p- MSH, ACTH, melatonin, 
FSH, LH, prolactin, thyroxine, c-AMP and many others are known to 
cause changes in pigment distribution in the chromatophores of many 
fishes.
1.3.1 .3  Melanosomal movement within the melanophore.
Melanosomes are known to move in two ways within the cell, the 
first being the mass displacement during aggregation and dispersion 
for distances over tens of micrometers and the second being the 
shuttling back and forth movements over distances of approximately 
5 micrometers (Green, I968; Murphy and Tilney, 1974)* Various 
hypotheses have been put forward to explain the movement of the pigment 
in the cell, which mainly rely on the involvement of some structural 
features of the melanophores or on other physical factors. Some of 
these are as follows:-
1.3.1.3.1 Intracellular physical structures.
Microtubules and microfilamentsThe presence of a large number of 
microtubules in various species of fishes and their possible involvement 
in the movement of melanosomes by constituting channels has been 
greatly emphasized (Bikle et al.,1966; Green, I968; Wikswo and 
Novales, I969, 1972; Murphy and Tilney, 1974; Junqueira et , 1974; 
all in Fundulus, Takeuchi and Eajishima, 1971, in Carassius; Egner,
1971 ; Schliwa and Bereiter-Hahn, 1973, 1975; Schliwa, 1978, in 
Pterophyllum; Murphy and Tilney, 1974, in Gymnocorrymbus). Destruc­
tion of these structures by low temperature (Murphy and Tilney, 1974), 
by high hydrostatic pressure (Marsland and Meisner, I967; fcrphy and
Tilney, 1974), or treatment with colchicine (a mitotic blocking agent) 
results not only in melanosome dispersion but decrease in the rate 
of aggregation (Wikswo and Novales, I968, I969, 1972), thus suggesting 
their involvement in at least the centripetal movements of the pigment 
granules. Rebhun (1967) postulated the participation in Fundulus 
of 5 nm. long microfilaments, closely associated with the system of 
microtubules, which, according to him, move the melanosomes by their 
undulating movements. Wikswo and Novales (1972) supported this view 
and demonstrated an actual increase in number of the microfilaments 
inside the cytoplasm of a colchicine-treated melanophore. Malawista 
(1971) proposed that microfilaments are important for melanosome- 
dispersion and both microtubules and microfilaments cooperate to bring 
about their aggregation. Murphy and Tilney (l974), however, 
found no evidence to support any microfilament participation and 
proposed that the melanosomes move by sliding along a fixed array 
of microtubules.
Smooth'endoplasmic reticulum:- Green (I968) suggested the involvement 
of the smooth ER, along with the microtubules, to move individual 
melanosomes over some distance without disturbing adjacent granules. 
The possibility of their being the driving force seems very unlikely 
(Murphy and Tilney, 1974).
Contractile filaments of .the cel1-membrane:- Falk and Rhodin (1957) 
claimed to have observed a double-layered cell-membrane enclosing 
the melanophores in Lebistes. The space between the outer limiting 
membrane and the inner cytoplasmic membrane was said to contain a 
meshwork of contractile filaments, the contraction and relaxation of 
which was supposed to cause the movement of melanosomes in the cell. 
These filaments were, however, found to be extracellular collageneous 
fibrils and the melanophores are known to be ensheathed in a single 
cell membrane (Fujii, 1966a. I969; Takeuchi and Eajishima, 1971).
Intracellular fibrous network of rod-like structures:- Zimmermann 
(1893), Franz (1939) and Marsland (1944) postulated the presence of 
an intracellular fibrous network of rod-like structures, which moved 
the granules by their disintegration and reformation. This trans­
formation of the cellular cytoplasm into sol and gel states has been
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contradicted by Green (I968) and Murphy and Tilney (1974) as a result 
of electron microscopic studies.
1.3.1.3.2 Other factors.
An increase or decrease in the intracellular cyclic adenosine 3', 
monophosphate (3’—AMP) or cyclic adenosine 5*“Monophosphate (5'-AMP) 
levels produces melanosomal dispersion or aggregation respectively 
within amphibian and reptilian melanophores (Bagnara and Hadley, 1973). 
Addition of c-AMP to the bathing media or its injection into the 
intact Fundulus heteroclitus by Novales and Fujii (1970) and Pterophyllum 
scalare by Schliwa and Bereiter-Hahn (1974), subjecting the scalea and 
explants of Carassius auratus to it (Tchen and Tchen, 1970; Abramowitz 
and Chavin, 1974) and its injection into individual melanophores in the 
tail-fin preparations in Lebistes reticulatus by Fujii and Miyashita 
(1976b) or the integumentary melanophore of Rana pipiens by Geschwind 
at (1977) suggests its role in pigment movement. Pigment-dispersion 
following the administration of c-AMP and dibutyryladenosine 3’,5’- 
monophosphate (dbc-AMP) in the erythrophores in cultures has been 
reported by Ozato (1976, 1977) in Carassius auratus and by Matsumoto et 
al. (1978) iïi Xiphophorus helleri. c-AMP appears to play a role of 
the "second messenger" of the neurotransmitter and the hormonal substan­
ces linking the receptor sites with the pigment-containing organoids of 
these chromatophores.
Ca^^, E^, Li"^ , Ba^^,Sr^^ etc. were shown to be important in the 
melanosomal aggregation in isolated scales of amny teleosts. Some 
of these are believed to act directly on the cells and produce conditions 
favourable for pigment aggregation. Some others stimulate the nervous 
components to release the aggregatin transmitter. Na^\ on the other 
hand, causes pigment dispersion (see Section 1.3.1.2.10, page 40).
Einosita (1953, 1963) investigated the electric potential of the 
melanosomes and the centrosphere in the scale melanophore of Oryzias 
and proposed that the negatively charged melanosomes migrate electro- 
phoretically through the cytoplasm along the radial gradient of an 
electric potential. This hypothesis was opposed by Green (I968), 
who believed that the granules at the reported gradient could not 
penetrate the structural resistance of the cytoplasm. It was also 
opposed by Fujii and Novales (1969a, b), who studied the effects of
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choline, Cl and Na"*" on the membrane potential and concluded that 
the melanosomal movements were not directly related to the changes in 
the membrane potential.
It is being increasingly believed that the microtubules merely 
constitute channels along which the melanosomes move and that the 
driving force is provided by some other source. The complex sequences 
of events at neurotransmitter or hormonal uptake result in an increase 
or decrease of the intracellular c-AMP levels, causing dispersion 
or aggregation of melanosomes respectively. How c-AMP and melanosome 
movement are linked together is still a matter of speculation.
1.4 QUANTITATIVE COLOUR CHANGE.
Increase or decrease in the number of chromatophores and an absolute 
gain or loss of the pigment in the cells is referred to as quantitative 
(morphological) colour change. Quantitative colour change is 
associated with a number of factors.
1.4.1 Factors causing quantitative changes.
The causative factors include (l) the intensity of light, (2) the 
direct action of light on the cells, (3) hormonal effects, (4 ) nutrit­
ional effects and (5) background colour of the immediate surroundings.
1.4.1.1 Intensity of light.
Intensity of illumination seems to play a minor role in causing 
a quantitative colour change. Sumner and Doudoroff (l93?) exposed the 
goby Gillichthys mirabilis for about 3 months to two illuminations 
differing by approximately a 40:1 ratio. • On assaying, they discovered 
that the more brightly illuminated fishes had slightly more melanin 
than the less brightly illuminated ones.
After exposing the guppy Lebistes reticulatus to illumination of 
approximately 64, 5.3, O .85 and O .24 foot candle for about two months, 
Sumner (1940b)demonstrated a steady, though slight, increase in pigment­
ation with the increase in light intensity.
Murisier (I920), in young trout Salmo lucustris and Odiorne (1937)
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in Fundulus heteroclitus observed slightly more melanophores per 
unit area in the skin of the fishes maintained in bright light than 
in those kept in darkness.
White and short wave light increased the pigmentation of melano­
phores and other chromatophores, whereas red, yellow and green light 
retarded the growth of the chromatophores in larvae of Pleuronectes 
(Kurz, 1920).
1.4.1.2 Direct action of light.
A prolonged exposure of the unpigmented ventral side of a flatfish 
to light has often been used to determine whether any quantitative 
change in pigmentation is possible or not. These animals become 
doubly interesting because, as larvae, they display a bilateral pigment­
ation which disappears on one side coincident with the migration of 
one eye and the adult orientation of the fish in a plane at 90° to 
its original.
Cunningham (I893, 1895) and Cunningham and MacMunn (l893) report­
ed the production of melanophores and yellow chromatophores on the 
ventral skin of many species of flatfishes after 3-4 months' illumin­
ation from below. Von Frisch (1911a)in Esox and Nemadulus and Herbst 
and Ascher (1927) in larvae of Salamandra supported Cunningham's 
'observations.
Osborn (1939%,c, 1940a, 1941a,%) devised an apparatus for contin­
ued illumination of flatfish from below and under ideal conditions 
was able to,produce appreciable amounts of pigmentation in Paralichthvs 
dentatus after only 9O hours.
In an attempt to establish that these melanophores were produced 
as a result of the uncoordinated effect of light, Osborn (1939%,c) 
covered some parts of the'ventral' skin with opaque masks, or blinded 
the fish. After due illumination the masked parts of the skin remain­
ed unpigmented, whereas the blinded fish developed it at a quicker 
rate. The blinded catfish Ameiurus (=Ictalurus) required more time 
(about 80 days) to develop pigmentation on the ventral skin comparable 
to that on the blinded flatfish (Osborn, 1940b and 1941b).
1.4 .1 .3 Hormonal influence.
Babak (l910a, 1912, I913)'suggested that continued pigment -
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dispersion in the chromatophores (however brought about) causes 
not only an increase of their pigment, but also an increase in their 
number. On the contrary, continued, pigment-aggregation (however 
brought about) results in a decrease in the pigment amount and in the 
number of the cells. Himmer (1923) and Odiorne (1948) supported 
Babak's contention that quantitative colour changes are a result of ■ 
long transient colour changes.
Giersberg (1934) periodically injected adrenaline into a young brown 
goldfish Carassius auratus for a year and a half and found that it 
lost its pigment. Similarly, Umrath (l95?) injected a bitterling 
Rhodeus amarus with posterior pituitary extract for some time and 
observed an increase in the number of the melanophores, without any 
pigment dispersion. This was, however, contradictory to Babak's 
assumption.
Indirect evidence for hormonal participation in quantitative 
colour changes of many fishes was provided by the work of Baker (1963), 
Olivereau (I969) and Baker and Ball (l970)» They found cytological 
differences in the pituitary in relation to background adaptation in 
long white- and black-adapted fishes.
The effect of hormones on the differentiation of melanophores from 
melanoblast was studied by Pickford and Kosto (l957) Iri Fundulus and 
Tqy Hu and Chavin (1960), Hu (1963), Loud and Mishima (I963), Tchen et al., 
(1964) and Foote and Tchen (1967) on the goldfish Carassius auratus - 
Pickford and Kosto (1957) observed a quantitative increase in melano­
phores in hypophysectomised Fundulus when chronically injected with 
pituitary hormones. Wilson and Bodd (1973c) observed doubling of 
the melanin contents of the skin in Scyliorhinus canicula in about 
6 months with a high level of circulating MSH in the animal. ACTH 
and LTH (prolactin) were believed to have caused melanin increase, 
while MSH was thought to be the causative factor for melanophore 
differentiation (Pickford, 1957). Loud and Mishima (19&3) observed 
melanization of the yellow pigment cells in isolated scales of the 
goldfish Carassius auratus treated with ACTH. Hu and Chavin (1960) 
reported a similar effect of a- and p-MSH, ACTH and LTH on the goldfish 
fin tissue culture. Dibutyryl cyclic AMP was shown to stimulate the 
developement of melanophores in the explants of the xanthic goldfish 
fin in tissue cultures by Chen and Tchen (1970).
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1.4.1.4 Effect of nutrition.
The nature of food was emphasized hy some investigators to he a 
factor in quantitative colour changes (Ogneff,.I9O8 ; Secerov, I9O9; 
Murisier, 1920-21). Murisier observed a decrease in the number of 
melanophores in the unfed young trout Salmo lucustris kept on a white 
background or in the dark but not in fed fish under the same conditions. 
Odiorne (1937), however, observed no such changes in Fundulus.
1.4 .1.5 Effect of the shade of the background.
Background colour seems to be the most effective factor in deter­
mining the course of melanization in quantitative colour changes. Expo­
sure to a light coloured background generally retards the rate of melanin 
synthesis, while exposure to a dark background enhances this process. 
Although quantitative colour changes of many animals were studied by 
workers including Flemming (I897) on salamander larvae; Keeble and Gamble 
(1904) on the shrimp Eippolyte varians Franz (1906) on Pleuronectes 
platessa; Babak (l910a,b, 1912, 1913) on Amblystoma larvae; Kuntz (1917) 
on Paralichthvs albiguttus; Murisier (1920,1921) on Salmo lucustris;
Sumner and Wells (1933) on Lebistes reticulatus; Odiorne (l933, 1936) 
on Fundulus heteroclitus; and Odiorne (l937,- 1948) on Fundulus hetero­
clitus, Ameiurus (=Ictalurus) nebulosus, Macropodus opercularis and • 
Gambusia it was the statistical approach of Sumner (1939,1940a,b)and Odiorne 
(1937, 1948) which clarified this phenomenon to a.greater extent.
Odiorne (l933, 1936) observed a noticeable melanophore loss in 
Fundulus heteroclitus kept on an illuminated white background: up to 
33^ after 29 days and 59^ after 69 days exposure. On an illuminated 
black background increase was, however, slower and he reported a slight 
increase in number in the black-adapted fish for 10-35 days.
Sumner (1940a) exposed Lebistes to illuminated black, white and 
grey backgrounds for 60 days and on tabulating the net change concluded 
that during quantitative colour change the melanophores tend to vary 
inversely with the logarithm of the albedo of the background. Sumner 
and Boudoroff (1937, 1938, 1943) reported that the albedo of the back­
ground affects the amount of pigment as well.
Dawes (1941) developed a technique to extract and assay the pigment 
developed during exposure of the frog to illuminated black and white
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backgrounds. He also observed a noticeable increase in melanin 
amounts on black (up to 50 times the amount on white) after exposing 
EâP.?'. tempo raria for several weeks to equally illuminated black and 
white backgrounds. His results seemed to be in agreement with Sumner
(1940a).
1*4*2 Origin of melanosomes and melanin synthesis.
Dushane (1938) conclusively demonstrated the neural crest origin 
of the chromatophores in urodeles. This was generally agreed by 
later workers (Newth, 1951; Orton, 1953; Humm and Young, 1956;
Kajishima, 1958). After their origin from the neural crest the immature 
chromatophores migrate to their respective positions in the body and 
differentiate into their cell types by synthesizing their respective 
pigment. Later they increase in number by division.
In the melanoblasts (precursors of melanophores) the onset of pigmen­
tation corresponds with the formation of a large number of vesicles, 
the premelanosomes (precursors of melanosomes). The organelles respon­
sible for the origin of the premelanosomes are either Golgi complex 
(Drochmans, I963, 19^7; Seiji at ad., 1963; Eppig and Dumont, 1972;
Hori, 1972) or the smooth endoplasmic reticulum (Novikoff et al.,
1968; Maul, 1969; Maul and Brumbagh, 1971; Brumbaugh and Zieg, 1972;
Ide, 1972; Turner et al., 1975)*
'Premelanosomes are the active sites of biochemical activity for 
melanoprotein-synthesis. Melanogenesis occurs entirely within the 
premelanosomes and involves the dihydroxlation of the colourless 
amino-acid tyrosine into dihydroxypheny1alamine (DOPA) and this 
reaction is catalysed by the enzyme tyrosinase. This catalyst 
has been thought to be synthesised in the ribosomes and transferred 
to the Golgi complex through the cisternae of rough endoplasmic ret­
iculum and incorporated with the premelanosomes originating from these 
organelles (Seiji et al., 1963; Toda and Fitzpatrick, 1972). An 
alternative theory, suggesting another route, is that from ribosomes 
it is transferred to the Golgi complex where it is packed into small 
vesicles which fuse with the premelanosomes, originating as dilations 
of the smooth endoplasmic reticulum, and that the tyrosine-carrying 
vesicles are finally invaginated into the premelanosomes (Turner et al.,
1975).
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DOPA in the premelanosomes is then oxidised to DOPA-quinone in the 
presence of tyrosinase and then, through a series of reactions, in 
the absence of tyrosinase is converted to a black-brown polymer, 
the melanin. The melanin then binds with a protein and forms the 
melanoprotein of^  the mature melanosomes (Ackerman, 1975).
1.5 . DIFFERENTIAL RESPONSES OF MELANOPITOPES.
Morphologically different melanophores, epidermal or dermal, may 
differ greatly in their responses towards various stimuli. The 
epidermal melanophores in white-adapted Parasilurus asotus disperse 
their melanophores about two times faster than the dermal ones on 
background reversal and are slower than their dermal counterparts 
in aggregating the pigment when transferred to a white background 
(Matsushita, 1938). Similarly Fujii and Miyashita (1976a, 1978) 
observed a slower rate of pigment aggregation in the epidermal melano­
phores of skin pieces of Parasilurus asotus when these pieces were 
subjected to ACh and melatonin. In all the other fishes studied so 
far, the epidermal melanophores gave the opposite response: faster in 
pigment aggregation and slower in dispersion on background reversals 
(Neill, 1940, in Anguilla; Healey, 1951» 1954, I967; Burton, I969, in 
Phoxinus phoxinus: Khokhar, 1971, in Ictalurus melas; Burton, 1975, 
in Gasterosteus aculeatus and Pseudopleuronéctes americanus ).
Abolin (1925) pointed out that not all the melanophores in the 
skin of Phoxinus phoxinus respond in a similar way when various hormones 
were administered. Pye (1964c) demonstrated that melanophore-groups 
in adjacent parts of the pattern in Phoxinus differed in their thermal 
sensitivity and that the high-temperature threshold of individual 
groups varied form each other.
1.5.1  Trends in the integumentary pattern-formation.
In the formation of patterns of melanophores there may be partial 
masking of the melanophores by other chromatophores (Kuntz, 1917);
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differential numerical distribution and responses of melanophores 
of the same size (Hewer, I926); differential nervous stimulation 
of the melanophores (Osborn, 1939&) or the patterned distribution 
of one or more types of melanophores (Gordon, 192?î Healey, 1951j 
Burton, I966, I969).
Transitional stages in the origin of a functionally well-developed 
pattern are found in different fish species. Animals like Anguilla, 
on exposure to a dark background, acquire a ventral to dorsal gradation 
of melanosomal dispersion; melanophores near the ventral part having 
the least, and those near the dorsal surface the maximum (Veil, 1936).
A similar situation is found in the catfish, Ictalurus melas. In 
this fish it has been shown that its melanophores are capable of 
differential chromatic response towards background reversals (Khokhar, 
19713', b, c). Macropodus opercularis was shown to indicate differen­
tial responses of its melanophores on its transfer from a white 
.background to a black (Ahmad, 1970a).
The minnow, Phoxinus phoxinus. on the other hand, possesses an 
elementary type of pattern. The melanophores in different parts of 
the pattern differ in their size, density and behaviour (Healey, I951). 
However, this pattern appears to remain stable and is affected only 
by' the general tint and not by the pattern of the background.
Some ability to match the pattern is seen in fishes as Cottus gobio 
and Cottus bubalis (Healey, personal communication). Flatfishes 
are probably the most efficient pattern matchers among animals, although 
this capability varies among species and individuals. Rhomboidichthvs 
(Van Rynberk, I9O6; Sumner, I9II) and Paralichthys (Mast, I916) are 
rapid and efficient 'pattern- matchers', whereas the responses of 
Scophthalmus and Pleuronectes platessa appear to be rather slow. 
Individual variation in'pattern-matching'"" capacities amongst fishes 
of the same species are very frequent.
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1 .6  S O M  PREVIOUS WORK D O m  ON. THE PLAICE PLEURONECTES PLAIFSSA 
• A m  OTHER FLATFISHES.
Among the flatfishes are some species which exhibit probably the 
most striking example of adaptation to their background. Such 
animals have a remarkable capacity to adapt themselves not only in 
colour but also in pattern to their immediate surroundings. The integ­
umentary responses of such fishes had been an interesting subject for 
study for some investigators, who mostly described their macroscopic 
observations.
Hewer (l93l) described the integumentary pattern of various flat­
fishes including the plaice. He divided the pattern into various 
units, which differed from each other in their responses while adapting 
to a background and in the distribution of the chromatophores they 
contained. Sumner (19II) had described the permanent markings on 
the skin of Rhomboidichthys podas before Hewer but his description was 
entirely by the unaided eye.
Lanzing (1977) described the pattern on the 'dorsal* sides of the 
plaice Pleuronectes platessa and the turbot Scophthalmus maximus, 
according to which the integument of these fishes consisted of some 
regions with groups of patterned,chromatophores and others with 
singly distributed or in much smaller groups of non-patterned 
chromatophores. The integumentary pattern of the plaice was described 
as having a number of dark regions (of patterned melanophores), a 
few white spots (of patterned iridophores), 23 orange spots (of 'unknown 
fine structure and physiology') and the paler ground comprising the 
non-patterned melanophores. The skin of the turbot was said to have 
the same basic pattern but differed from that of the plaice in the 
absence of the orange spots from the general basic pattern and in 
having dark circular spots (cf. the dark patches and zones of the 
plaice) in the pattern.
Histological studies of many species ,of flatfish were carried out 
by Cunningham and MacMunn (1893), which indicated the presence of 
chromatophores, now called melanophores, erythrophores, xanthophores 
and iridophores. Kuntz (1917) made similar observations on the skin- 
preparation of the flounder Paralichthvs albigattus and reported the 
presence of melanophores, xanthophores (containing yellow and orange 
pigment) and guanophores. Hewer (1927, 193l) described the distrib—
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ution and structure of various chromatophores in different elements 
of the skin pattern of the sand dah Lophopsetta in particular and 
added iridophores to the list of chromatophores.
Schaefer (1921) repeated von Frisch's work and demonstrated that 
sectioning the peripheral nerves caused the production of dark areas 
in the skin of Pleuronectes platessa and their electrical stimulation 
produced the blanching of the innervated areas. The pathway of the 
chromatic nerves worked out hy Schaefer (1921) follows the same pattern 
as described-hy von Frisch (l911b)for the minnow, excepting that in 
the plaice the chromatic nerves leave the spinal cord at the level of 
vertebrae 5 and 6 . His work was later supported by Wernoe (1928). An 
almost identical system was reported by Hewer (1927) in Lophopsetta 
and by Scott (1965) in Scophthalmus.
Meyer (193O, 1931) demonstrated the humoral control of the chrom­
atophores in addition to the nervous control in Pleuronectes. He 
observed that injection of serum from 8 days black-adapted fish into 
a pale specimen induced the formation of local dark spots within 5. 
minutes of injection. Similarly, the injection of serum from a white- 
adapted fish into a dark fish caused the production of pale spots in 
the recipient. Meyer, on these grounds, postulated the presence of 
two hormones in Pleuronectes. Osborn (1939&) observed that injections 
of the minced pituitary or the extracts of the pituitary of Paralichthys 
dentatus produced appreciable darkening in the frogs and the catfishes 
but failed to affect the melanophores of the innervated and denervated 
areas of another fish of the same species. Commercially produced 
pituitary hormones also produced no effect on Pseudopleuronectes 
americanus. Scott (1965) also observed no pigment dispersion in 
Scophthalmus acruosus after injecting commercial pituitrin and pure 
hog (X— MSH.
The macroscopic adaptation of various flatfishes to plain and 
patterned backgrounds has been examined by Sumner (19II), Mast (I916), 
Groot et ad.(1969) and Lanzing (197T)« The responses of some flat­
fishes to illuminated plain black and white backgrounds were also 
studied by Osborn (1939a) in Pseudooleuronectes americanus. Paralichthys 
dentatus and Lophopsetta maculata; by Scott (1965) in Scophthalmus. 
aguosus; and by Burton (1975) in Pseudopleuronec tes americanus. ' These 
studies describe the varying rates of adaptation to white and black
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backgrounds in different flatfishes. Adaptation to white generally- 
required more time, while adaptation to black was relatively quicker. 
Initial response was evident within a' few minutes in most of these 
fishes but complete adaptation required further exposure. It was 
pointed out by Sumner (19II), Mast (I916) and Osborn (1939a) that 
whenever the fishes had been previously adapted to any illuminated 
background, it required more time to adapt to a new background on 
reversing the backgrounds. Sumner (19II) subjected Rhornboidichthys 
podas to various artificial and natural backgrounds and concluded that 
the homogeneous natural (sand, gravel etc.) and the artificial (black 
and white) backgrounds caused the fish to distribute the pigment 
more or less uniformly, while on mixed natural backgrounds (sand 
and gravels of different colours) they acquired definite colour patterns 
which varied with the texture of the material. The artificially- 
prepared backgrounds having variously distributed areas of black and 
white produce^ far more contrast in the skin patterns. His experi­
ments involving painted black and white circles of varied size and 
distribution on backgrounds of opposite colours and squares of differ­
ent sizes showed that the resulting patterns depended not only upon 
the relative amounts of black and white in the background, but also 
upon the degree of subdivision of the areas of the squares or the circles.
Mast (1916) confirmed the general results of Sumner (19II) in 
his work with the flounders Paralichthys albiguttus and Ancylopsetta . 
cmadrocellata but added that the size of the black and white areas 
in the underlying background and the relative amount of surface cover- 
•ied by them (i.e. the concentration of their distribution) have a 
profound effect on the pattern produced in the integument, but the 
form and arrangement of these areas have, at least within rather wide 
limits,none.
It was pointed out by Sumner (I9II) and Mast (1916) that the 
chromatic responses of the flatfish mostly depend on the changes in 
the backgrounds. Groot at al. (1969) confirmed this contention and 
suggested a pattern-locating area on the dorsal part of the retinae 
which they termed the pattern area or 'P-area'.
Lanzing (1977) suggested a scheme explaining the mechanism of 
background adaptation in the flatfishes. This scheme is based on the 
assumption that (i) the integumentary pattern consists of two separate 
chromatophore systems - a patterned (spotted) and a non-patterned
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(general ‘background) system, and (ii) the flatfishes are capable of • 
undergoing a limited range of adaptive changes in their pattern in 
the skin. These changes were believed to be produced by the differ­
ential responses of the patterned or non patterned chromatophores 
in any one of the following ways:—
(a) By the pigment-aggregation of all the patterned and non­
patterned chromatophores (to result in a pale state of the fish).
(b) By the melanosomal-dispersion in the patterned melanophores 
only ( to result in a contrasting pattern).
(c) By the pigment-aggregation in the patterned chromatophores 
and its dispersion in the non-patterned melanophores (to result in 
a general darkening of the pattern).
(d) Bÿ the melanosomal-dispersion in the patterned melanophores 
as well as those of the non-patterned regions (to result in general 
darkening of the integument with prominently visible dark spots
and regions).
(e) By the 'dispersion' of the pigment in the iridophore with 
the melanosomes in the non-patterned melanophores dispersed (to result 
in the prominence of the white spots in a generally dark integument).
(f) By the pigment dispersion in the patterned and non-patterned 
chromatophores (to result in an integumentary pattern in which the 
dark patches and the white spots stand out more prominently in the 
generally darkened skin).
All these studies of Lanzing (1977) were, however, based on 
macroscopic observations and he was not certain about the way in which 
the. iridophores became prominent in the pattern. He appears to be 
convinced with the idea that the pigment in the iridophores could 
have certain mobility as suggested by Rohlich (1974).
Flatfishes have been extensively used for the experimental prod­
uction of melanophores and the pigment on the 'ventral ' side (see 
section 1.4.1.2 page 49). Some pharmacological studies were carried 
out on Pseudopleuronectes. Paralichthys and Loohonsetta by Osborn 
(1939a); on Scophthalmus by Scott (19^5» I968), Scott et al. (l962a,b) 
and Scott and Gardner(I965); and on Pleuronectes platessa by Fernando 
and Grove (l974a,b). Pleuronectes platessa was used for EM studies 
by Roberts ejt al. (1972).
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Although the chromatics of the flatfish have been given attention 
by many workers » in most of the cases very little emphasis was 
laid on the microscopic changes in the pattern during background 
adaptations and whenever studied, was either on the detached scales 
or on the preserved skin samples. The process of background-adaptation 
and the resultant changes in the pattern have not so far been recorded 
at cellular level. There is a good reson for this. The individual 
melanophores are very small in size and the frequent movements of 
the animal under observation make it impossible to observe them in 
life under the microscope.
1 .7 THE AIMS OF THE PRESENT STUDY.
The present investigations were designed to find out more about 
the ability of the plaice Pleuronectes platessa to"match"the tint 
and the pattern, of the background. The study also attempts to 
describe the following points which have either been attempted partly 
or have never been described by the earlier workers
(a) The macro- and microscopic, structure of the pattern and 
the pattern-units.
(b) Electron microscopic structure of the chromatophores in the 
different pattern-units and those in the fin and the ’ventral* skin.
(c) The way in which the pattern-units take part in background 
adjustment.
(d) The relation between the pattern in the skin and that in the 
background.
(e) Effect of previous adaptation to black and white to the 
neurally controlled chromatic responses.
(f) Influence of the size of the figures in the patterned back­
ground on the pattern in the skin,
(g) The relation between the pattern in the skin and the contrast
in the background.
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(K) The extent of the reflectivity of the uniform background 
which could influence the adaptive changes in the pattern.
(i) The effect of the increase or decrease of the proportion 
of black and white in the patterned background on the chromatic 
response.
(j) The relation between the distance and position of the object 
from the eyes which could produce any change in the skin pattern.
(k) Extent of distribution of stimuli from either eye 
(l) Experimental production of melanophores and the pigment 
and the response of these artificially produced melanophores to 
patterned backgrounds.
(m) Effect of some representative adrenergic drugs on the melano­
phores of the different areas of the integumentary pattern.
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2.  ^ MATERIAL AND METHODS.
2.1 GEIHCRAL EXPERIMENTAL PROCEDURES.
2.1.1 Source of fish, maintainance, feeding and control of
infection.
Most of-the flatfish used in this study were procured from the 
North Sea through the courtesy of the Wellcome Marine Laboratory,
Robin Hood’s Bay, Yorkshire. A part of the study was carried out 
at the Wellcome Lab., Robin Hood’s Bay. About 40 fishes were obtained 
from the North Sea through the Ministry of Agriculture, Fisheries and 
Food, Lowestoft and about 20 were sent by the University of London 
Marine Biology Laboratory, Millport, Scotland. Most of the material 
from Robin Hood’s Bay was sent by train in carboys filled with sea-water. 
Fishes from Millport were sent in polythene bags filled with sea-water 
and the flatfishes were collected personally from Lowestoft and brought 
in carboys. All the fishes were immediately transferred into white 
plastic stock-tanks 14 x 28 x 32 cm. or 20 x 37 x 40 cm. in size, 
having the bottom and about 6 cm. of the side walls irregularly mottled 
with a black felt pen. They were filled with 8 - 1 0  litres of sea­
water and up to a maximum of 6 specimens were retained in each tank 
at a time. The sea-water was continuously aerated through plastic 
tubing connected to a glass tube with the end drawn to a point from 
the main air supply in the aquarium. The concentration of the sea­
water was gradually lowered to 50^ within 2 weeks maintainance in the 
aquarium . Lowering the concentration did not produce any ill-effects 
in these animals. The size of the plaice used in this study ranged 
from 7 cm. to 12 cm. (overall length to furthest extremity of caudal 
fin).
The plaice were fed with the white worm Enchvtraeus albidus , cult­
ured in the laboratory, twice a week. They were also provided with 
sludge worms Tubifex tubifex once a fortnight. The $0^ sea-water 
was changed on the day following their feeding and the containers 
were thoroughly cleaned. The white worms were reared in the laboratory 
in plastic containers of 14 x 28 x 32 cm. size, in which the sand and 
peat were mixed in about 1:2 proportion. This mixture was sterilised
by keeping it for 3 hours in an oven at about 150° C. and was then 
thoroughly mixed with water to settle in the containers. The worms 
were inoculated in each container and were fed with wet brown bread 
without the outer hard crust. They were occasionally fed with cooked 
cabbage as well. Occasional infestation of parasitic flies was contr­
olled with an aerosol. Tubif ex were obtained commercially.
The fish were also provided with vitamins by dissolving Phillips' 
"Aquavite" tablets in the water.
The plaice were disinfected within a few days of their arrival in 
the aquarium by bathing them in Bactosan (Piscisan Ltd., Middlesex) for 
three consecutive days. Whenever any signs of fin-rot or other 
diseases were observed they were immediately treated with Myxosan or 
Parasan (Piscisan Ltd., Middlesex). In case of any injury to the fish 
Povisan (Piscisan Ltd., Middlesex) was locally applied with some cotton­
wool. Such treatment was continued until the fish recovered.
2.2 APPARATUS USED.
2.2.1 Apparatus used for confining the fishes.
Plaice are normally not very active swimmers and may remain station­
ary at a place for some time. Altering the distance of the objects 
from their eyes is known to affect the chromatic responses. The 
fishes were confined in "cells" made from clear Perspex (see Appendix 
2 for the technique of their construction). The cell was carefully 
slipped underneath the animal in the stock tank or any of the other 
containers and its fins were positioned into the cell using the tips of 
the fingers or the handle of a scalpel while lifting the fish along 
with the cell out from the container. A transparent piece of glass 
measuring 15 x 20 cm. was used to cover the fish from above. The fish 
confined in the cell was transferred into the apparatus for recording 
its chromatic behaviour.
2.2.2 Preparation of the patterned backgrounds.
The backgrounds used in the present studies were prepared by Dr.
E.G. Healey and his assistants. The method of their preparation is 
described in Appendix -3.
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2.2.3 Apparatus for recording the pattern-changes in the entire
fish, of changes in the pattern-units and of the cell groups 
'in the representative pattern-units-
The apparatus designed to study the chromatic reactions of the 
plaice (Plate 2.1;see legend) consisted of an observâtion-chamher, in 
which the fish in its cell was kept on different backgrounds. The 
observation-chamber was filled with 50^ sea-water, which was continuously 
circulated to maintain a constant temperature and air supply. The 
outer chamber of the apparatus contained a moveable stand on which the 
background (s) was placed and covered with a transparent piece of glass
measuring I5 x 20 cm. and slipped underneath the fish in the observation
chamber. The outer chamber also contained a slider, having half
black and half white parts, which could be slipped under the fins of
the fish. The outer chamber was filled with tap-water. The backgrounds 
were placed on the moveable plate of the apparatus, covered with a 
transparent piece of glass and were slipped underneath the fish with­
out disturbing it. The backgrounds were illuminated with an overhead 
40 watt lamp at a distance of 50 cm.
The entire fish was photographed with a Praktica (Tessar 2.8/5O f) 
camera, with l/lOO shutter speed and f.22, mounted on a stand which 
enabled it to be moved in any direction. An electronic flash was 
mounted on a stand so that its light came at an angle of approximately 
45° and remained at a distance of 65 cm. when the background was black,
70 cm. when it had a pattern (or had a DOI 2 - 6), and 85 cm. when it 
was white.
The responses of the representative pattern-units were photo­
graphically recorded with a Nikon camera with 55^ f/3.5 micro-auto lens 
mounted with Nikon bellows (Focussing HB - 5)at a fixed extension.
The shutter speed remained 1/6O with f.22 throughout these studies.
A beam of light from a microscope lamp was used to illuminate the 
representative pattern-units while focussing. The light was prevented 
from shining into the eyes of the fish, and was turned off before 
taking a photograph. The distance of the flash light was 10 cm. from 
the fish when the pattern-units were to be photographed, I5 cm. when 
the dorsal fin was being recorded with the black part of the slider 
underneath it and 20 cm. when the white part was underneath.
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Micrographs of the groups of chromatophores in the representative 
pattern-units were prepared with a Nikon EFM microscope mounted on 
a gantry. The shutter of its camera was adjusted at I/6 0 speed and 
the distance of the flash light from the cell-groups in different pattern- 
units remained the same as was used for recording their chromatics 
with the Nikon camera with bellows. These micrographs were 4Ox of 
the original size of the cells and the'prints were enlarged for the 
detailed study. The melanophores of the 'ventral' skin were photo­
graphed by inverting the microscope. The apparatus for recording 
chromatic behaviour was elevated by putting it on a stand 55 cm. high 
to accomodate the inverted microscope. The flash and the microscope 
lamp were placed underneath the apparatus.
2.2 .4  Apparatus and the general techniques used for E.M. studies.
The fishes used for the ultrastructure of their chromatophores 
were maintained in the stock-tanks of the mottled background. Ultra- 
structural studies of the 'ventral' chromatophores were carried out 
on the skin of fishes constantly illuminated from below in the 
apparatus designed for this purpose.(page 67 ) or of the plaice 
retained in the bluish-mottled stock-tank (page 67 ). Some fishes 
were retained in water saturated with melamine (2,4,6-triamino- 
1,3,5-triazine) in a white plastic container 14 x 28 x 32 cm., up to 
2 weeks to allow their leucophores to disintegrate. All the fishes 
used for E.M. studies ranged from 9 - 12 cm. in length.
Fixation.
After the required length of time under these experimental condit­
ions, the fishes were taken out and either anaesthetised in urethane 
and killed or killed instantaneously by crushing the brain with 
coarse forceps. Pieces of skin were peeled off from the required 
part of the integumentary pattern, the central region of the 'ventral' 
skin when unpigmented and the pigmented areas of the 'ventral' skin.
For fin-preparations the tips of the fin were removed. Dissection 
of the tissue was either done after keeping the fish submerged for 
about 15 minutes in chilled (4°C) 3 -5^ glutaraldehyde in 0.1 M 
phosphate or 0.1 M cacodylate buffer (pH 7.4 ) or in Young's Ringer
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solution. The skin pieces dissected out in glutaraldehyde were 
fixed for 4 hours in the phosphate or cacodylate-buffered 3 - 5 ^  
glutaraldehyde fixative at 4^C and after thorough rinsing with the 
buffer were further fixed for '2 hours in Vfo osmium tetroxide, at room 
temperature. The skin pieces dissected in Ringer's were immediately 
fixed for 4 hours in freshly prepared Dalton's chrome-osmium solution 
(Dalton, 1955), at 4°C. The tissue fixed by either method was rinsed 
in buffer, trimmed in appropriate sized pieces (about 3 x 3  mm. rect­
angles) and left overnight in the buffer solution at 4^C. (see Appendix 4 
for the composition of various chemicals used).
The 'ventral' skin was often treated with 0.1^ (w/v) D- , L- , 
or DL~dihydroxyphenylalanine (DOPA-Sigraa Chemical Co.) in 0.1^ caco­
dylate buffer. This tissue was either directly incubated with DOPA 
solution without fixation for 3 hours at 30°C (adapted from Binirabaugh 
and Zieg, 1972; Turner at ad., 1975) and.fixed in 5^ glutaraldehyde 
in 0.1 M cacodylate buffer ('postfixed'tissue) or was fixed in the same 
fixative and incubated in DOPA afterwards ('prefixed' tissue) and then 
post-fixed in osmium tetroxide in the routine way. This technique 
has-been used to localise the subcellular tyrosinase activity in the 
Golgi complex, premelanosomes and other organoids associated with 
it in the retinal and epidermal melanocytes in the fowl (Brumbaugh 
and Zieg, 1972) and in the melanophores in the caudal fin of the gold­
fish Carassius auratus (Turner et al.,1975)»
Dehydration.
The tissue which was left overnight in the buffer solution was 
brought to room temperature and was rinsed in fresh buffer 4 times in 
1 hour. This was followed by dehydration of the tissue in an ascend­
ing series of ethanol concentration 30 - 50 - 70 - 90 - 100^. The 
tissue was left for I5 minutes in each up to 100^ ethanol in which it 
was dehydrated twice for -J- hour each. .
Infiltration and embedding.
The tissue was then passed into a 1:1 mixture of ethanol and 
propylene oxide for 30 minutes and was then put into pure propylene 
oxide for 2 hours, changing it after 1 hour. After this treatment, 
fresh propylene oxide was poured,into the vials containing the tissue 
and a small quantity of TAAB embedding resin (TAAB Laboratories,
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England) was added to it so that the mixture had about 10^ of the 
resin. This was thoroughly mixed and the tissue was left at this 
stage overnight on a rotator.
The amount of the resin was increased by adding some more to 
the overnight mixture on the following morning so that the concentra­
tion of the epoxy-resin was about 30^ in the medium. The concentra­
tion of the resin was further increased to about 50^ in the evening
and the tissue was left revolving overnight. The liquid in the vials 
was poured but next morning, pure resin was added to the tissue, and 
the vials were left to rotate in the rotator. Fresh resin was poured 
into clean vials and the tissue was transferred to them with the help 
of fine forceps in the evening. These vials were retained on the 
rotator overnight.
Polymerisation.
The tissue was then embedded in small embedding moulds in pure 
resin on the following norning and these caps were labelled and left 
in the oven at 60°C for 24 - 48 hours for the polymerisation of the 
resin.
The blocks were recovered by flexing the moulds and were cut 
with a small saw to appropriate size. These blocks containing the 
tissues were orientated and fixed on the blocks with Araldite and 
left in the oven at 60°C for about two hours. These blocks were then
trimmed and a section-cutting face was made under a binocular..
Sectioning, staining and examination in microscope.
The specimens were sectioned with a Huxley ultramicrotome with the 
help of glass knives which were made on a LKB knife maker. Thicker 
sections of about 1 pm. thickness were cut for light microscopy and 
ultrathin sections of about 80 nm. were cut for E.M. observations. 
Sections showing grey to pale gold interference colours were mounted 
on formvar-coated copper grids (200 mesh) and were observed unstained 
or were stained with lead citrate (Reynolds, I963) for 8 - 9  minutes 
alone or double stained with lead citrate and an aqueous solution of 
2^ uranyl acetate for 5 minutes and examined with a Corinth 275 
electron microscope. Photographs were taken on Ilford N4E5O films.
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which were processed in Ilford Broraophen and Hypam.
2.2.5 Apparatus for the experimental melanization of the 'ventral* 
skin of the plaice.
The apparatus designed for constant illumination of the plaice 
from below was based on that used by Osborn (1939, 1940, 1941) for 
the same purpose. It consisted of a rectangular wooden box of 70 % 
45x15 cm. dimensions with two fluorescent lamps of 40 watts fitted 
in the middle. A ground-glass plate formed its top on which lay 
.two all-glass aquaria of 36 x 23 x 23cm. each. The walls of the 
aqnaria were painted black on the outside and a black polythene sheet 
covering them at the top eliminated any chances of light entering.
The bases of the aquaria were left unpainted and these were the only 
areas to allow light to fall on the 'ventral' skin of the animals 
kept in this apparatus. The fishes were maintained in $0^ sea­
water, the temperature of which remained at 12°C - 2°C. The 
water was aerated continuously with the help of an air-pump ('Hyflo' - 
Medcalf Brothers), and was changed once a week. The fish were fed 
one day before the change of water.
A more frequently used method of melanin-production was the mottled 
background of a white container, 37 x 40 x 20 cm. high. The mottling 
was made with a Platignum (England) vari-line marker which had a 
bluish tinge (Plate 2-2), This container was left in the sun, in 
shade and in artificial light, but in all cases it caused melanin form­
ation on the 'ventral' sides of the fish kept on it.
2.3 PREPARATION OP RESULTS.
2.3.1 Developing and printing of the photographs.
The photographs during this study were taken on Ilford Pan F 
film of ASA 50 and Din 18, and all were developed in Microphen 
developer (Ilford). The films on which the entire fishes were photo­
graphed were developed for 3& minutes at 28°C, those having photo­
graphs of the representative pattem-units (taken with bellows) were 
developed for 3^ minutes at 35°C, while the film-rolls on which the 
response of the chromatophores were recorded were developed in Microphen
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for Bg" minutes at 42°C. The films were washed in ordinary tap- 
water and fixed in Ilfofix for about 45 minutes. They were then 
rinsed in running water for about 2 hours and then dried in a drying- 
cabinet (Photax drying cabinet).
All the prints were made on Ilfobrom IBl IP printing paper and 
attempts were made to expose and print them maintaining constant con­
ditions. The photographs of the entire fish were usually printed with 
these precautions but in some cases the colour of black and white 
chips .placed near the caudal fin of the plaice at the time of photo­
graphing were taken as a standard. The same length of printing time 
was always given for the bellows photographs and the micrographs.
The developer used for printing paper was Bromophen (Ilford) and it 
was fixed in Ilfofix fixer for 45 minutes. Prints were then washed 
in running water for about 2 hours and were glazed with the help of 
K.K.F.C. Seisakusho glazer.
2,3.2  Estimation of colour and pattern changes in the entire fish.
The colour and pattern changes in the entire fish in response to 
the retinal stimuli caused by the underlying plain or patterned 
backgrounds or to chemical stimuli were recorded photographically.
These integumentary changes were studied, comparing the photographs 
of the same individual under different experimental conditions.
Since the photographs were prepared under identical preparatory cond­
itions, they gave a reasonable idea of the macroscopic integumentary 
changes caused by the displacement of the pigment in the chromato­
phores in different regions of the basic pattern of the fish. These 
macroscopic observations mainly concerned (i) the change in the tone 
of the general skin, (ii) the change in the size of the dark and pale 
regions of the pattern, (iii) the change in the size and the appear­
ance of the small pale flecks and the white spots widely distributed 
in the general pattern along the margins of the body and at the 
base of the pectoral spot and (iv) the general structure and appearance 
of the integumentary pattern as a whole.
Comparing the photographs of an individual fish taken during 
various experimental conditions after masking the background with hand 
or by a mask of paper or polythene-sheet gave a fair idea of these 
changes. The changes in the general pattern structure, in the tint -
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or in any unit of the pattern were generally quite prominant, but in 
case of any doubt the micrographs of the representative pattern-units 
were referred to as these gave a view of an overall change in M.I., 
which could not be altered by slight variations in processing time.
2.3.3  Estimation of the chromatic activity of the representative 
pattern-units.
The plaice has been reported to have all kinds of chromatophores 
in its skin, but the melanophores outweigh the other chromatophores 
in number and chromatic activity. They take the most active part 
in the processes of 'pattern-matching* on backgrounds of various kinds. 
The melanophores are arranged in three distinct regions of the skin 
in most pattern-units (page y e ) ,  but those of the upper layer of the 
dermis are most related to 'pattern-matching'. In the present study 
the melanophores of the upper dermis were always observed and the state 
of dispersion of their pigment recorded micrographically. The assess­
ment of the degree of melanosoraal dispersion was made in groups of 
50 melanophores in the pale fleck (or the white spot), the surrounding 
area in the pale patch, and the light and the dark areas of the dark 
patch and an average calculated on that basis. This assessment was 
based on comparing the pigment-dispersion in individual melanophores 
with the melanophore index table, as devised by Hogben and Slome 
(1931) and used for Pleuronectes ulatessa by Fernando and Grove (l974b) 
(see Plate 2-3). The changes, if any,' in the same groups of cells 
were always calculated on the basis of the changes in their mean 
melanophore index (M.M.I.) and these values were comparable with one 
another to indicate the difference in the chromatic response under 
different experimental conditions. It was found that the fish adapted 
to the patterned background within a few minutes to ^  hour and there 
were no, or very little, further displacements of the melanosomes in 
their cells. On the contrary, in response to plain backgrounds, the 
fishes showed an initial melanosome-displacement of relatively greater 
magnitude on black, white or grey and although well adapted within 1 
hour, kept displacing them further for another hour. In those cases, 
melanophore recordings were made after -J-, 1, 1-ÿ and 2 hours of exposure 
and average M.M.I. values of these recordings were used in the prepara­
tion of the results. These values were, however, nearly equal to those 
of 1 hour of exposure.
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STRUCTURE OF THE INTEGUMENTARY PATTERN OF THE PLAICE AND THE 
RESPONSES OF T g  PATTERN-UNITS TO SOME PATTERNED BACKGROUNDS,
3.1 T g  PATTERN OF CHROMATOPHORES PLEURONECTES PLATESSA. '
Retaining most of Hewer’s (l93l) terminology, the pattern of the 
plaice.is examined in the present studies and its role in background 
adjustment is redescribed.
The small plaice used in these experiments were all evenly coloured 
greyish brown, with distinct markings and patches on the right (function­
ally 'dorsal')side. The left (functionally ’ventral’) side was 
quite pale and without any pattern. The pattern of the plaice can 
essentially be divided into three groups described by Hewer (l93l)«
Each group includes functionally different groups of chromatophores, 
the pattern-units (Fig. 3-1).
Group A This group includes
(i) The orange and black spots, which are variable in number and 
are predominantly orange in colour in the plaice. The orange areas 
of these spots are typified by a large number of xanthophores and 
erythrophores, comparatively fewer melanophores and many iridophores. 
Iridophores are mostly deeper in position and probably increase the 
orange colour by reflecting light through the xanthophores and erythro- 
phores. The black areas are rich in dermal and epidermal melanophores, 
but have a few xanthophores and a few iridophores. Typical black and 
orange spots are encircled by the dark patches, whereas the spots, 
distributed in the general pattern have predominantly the black areas.
The position of the orange and black spots and their number may vary
in individuals. Lanzing (1977) described them to be 23 in number on 
the body of the plaice.
(ii) The white spots, which are mostly very prominent. Some 
individuals may lack them temporarily but regain them after keeping 
these fishes in white containers with mottled black painted bottoms.
These spots alternate with the orange and black spots on the margins 
of the ’dorsal' side of the plaice, and are characterised by the 
presence of a very large number of iridophores arranged up to four 
layers. Besides iridophores, structures resembling leucophores 
(page 7 ), as described by Hama (l970) and by Takeuchi (1976) are also
Figure 3-1. Diagrammatic representation of the integumentary
pattern-units of Pleuronectes platessa. a, anterior 
pale area; b, medial pale area; c, posterior pale 
. area (three subdivisions of the pale zone); d, 
dorsal dark zone (may be divided into three or
i/e -n f- ra J -  p 4L .  U i k - f i c Y  c ltK fk  / u M »
more areas) ; ^  f,anterior dark patch^ /i, pectoral 
spot; k, white marginal spot; m, pale fleck in 
the medial pale area; n, orange and black spots 
(here shown on fin but are also present on the body). 
See text for the description of pale patches and 
black dots, pages 74-75.
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frequently, located in these spots. Distributed among the irido— 
phores and the leucophores are less densely distributed melanophores 
which when, they disperse their pigment completely conceal the under- 
lyiog iridophores and hence make the white spots less obvious.
These spots completely lack the epidermal melanophores, though a few 
may be found located in the peripheral regions. A few xanthophores 
and erythrophores are also present in ^ the deeper part of this pattern- 
unit, such lowly placed cells are apparantly of no significance for 
any colour change or’pattern- matching'.
The pectoral spot, lying just behind the base of the right pectoral 
fin, differs in some respects from the other white marginal spots. It 
undergoes very rapid and great changes of shade and is frequently 
the most conspicuous white spot on the fish (Sumner, I9II). Like 
other white spots it is richly provided with iridophores, arranged up 
to four layers. Leucophores are comparatively more abundant in the 
pectoral spot. The dermal melanophores are less densely distributed, 
the epidermal are completely absent, and the xanthophores and erythro- 
phores, which also occur in limited number, are the deepest in location. 
Hewer (l93l) mentioned the presence of erythrophores in the white 
spots and indicated that there was a tendancy towards their elimination 
in this unit of the pattern.
It can very commonly be observed that the white marginal spots 
and the pectoral spot are surrounded by a ring of pale area, called 
the annulus by Sumner (I9II) and the pale patches by Hewer (1927).
The annuli or the pale patches contain some black dot-like structures, 
which are characterised by the presence of densely packed melanophores. 
These structures have been described as the black dots in the text 
that follows.
Group B
Hewer (l93l) described this group as comprising (i) the pale 
spots and (ii) the normal area, for PIeuronectidae. He, however, 
reported the absence of any pale spots in the pattern of the plaice of 
the size he studied. These spots are mostly concealed in the general 
ground of the fishes adapted to black or white artificial backgrounds 
or the fishes from certain natural backgrounds of the sea. After 
retaining such fishes on the mottled background of the stock-tank for
74.
two to' three days, it was observed that the pigmented integument 
acquires very many of these pale spots. These spots have been desig­
nated as the pale flecks to avoid any confusion with the white spots.
The pale flecks are often much smaller than the white spots and, like 
them, are usually surrounded by pale areas. The actual pale flecks 
and the surrounding pale areas are being termed the pale patches.
The actual pale fleck has typically 1-2. layers of large iridophores 
distributed with the dermal melanophores. These melanophores send 
their branches upwards and these can mask the iridophores completely 
when the melanosomes are moved into them. A few epidermal melanophores 
are present in this part of the pattern. The surrounding areas of the 
pale patches are more abundantly provided with melanophores. This 
part of the pale patches has iridophores in slightly less number and 
may contain xanthophores and erythrophores as well. In the surrounding 
areas small black dots are abundantly located and, like those of the 
pale patches around the white spots, are rich in melanophores (see 
legend to Figure 3-1 ).
The normal area (= the pale regions of unpatterned chromatophores 
(Lanzing, 1977)) is composed of the rest of the surface of the pigmented 
integument not modified into any pattern. Hewer (1927, 1931) divided 
this area into a xanthophore-rich yellow phase and an erythrophore-rich
red phase. The red phase was said to contain the melanophores, the
iridophores and the erythrophores. The yellow phase was described 
as containing the xanthophores in place of the erythrophores and 
also many epidermal melanophores. Such a division could not be confir­
med in the present investigation. The normal area contained the 
melanophores, both epidermal and dermal, the iridophores in 1-2 layers, 
a large number of xanthophores (without any differential distribution) 
and a few erythrophores.
In gross structure, the normal area can be easily divided into
three zones, one pale and two dark. The pale one is mostly along
the lateral line and is subdivided into three parts: (l) a centrally 
located large pale area, the medial area, bounded by the anterior 
dark patches and the posterior dark patch and enclosed by the lateral 
dark zones, and (2 and 3) the anterior and the posterior pale areas 
(see Figure 3-1 ).
The dark zones are lateral in position and are along the dorsal
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and ventral fins of the plaice forming the dorsal and ventral dark 
zones respectively. Three dark parts are generally identified in 
each of these zones, which are being called anterior, medial or post- 
erior areas because of their position in the basic pattern of the 
plaice. The pale and the dark zones are functionally different from 
each other and appear to resemble the rapid and slow paling bands of 
Pseudopleuronectes americanus described by Burton (1975, 1978a).
The normal area is richly provided with a large number of black dots, 
which are actively engaged in the pattern change mechanisms. These 
dots contain many densely-packed melanophores, which by the dispersal of 
their pigment-granules alter the granulation of the skin pattern. The 
pale flecks are located on the dark and the pale zones of the normal 
area along with the black dots.
Group C.
Hewer's group C constitutes the dark patches, which are the permanent 
features (permanent "possibilities" of Sumner, I9II, and the dark regions 
of patterned melanophores of Lanzing, 1977) of the pattern. These 
patches are orientated around the three orange and black spots nearest 
to the lateral line. Their number has been described as two by Hewer 
(1931) (who may well have used much larger fish), but in all specimens 
examined in the present work instead of a single anterior dark patch 
there were two distinctly separate patches, a more dorsal and a more 
ventral separated by the lateral line. For the sake of convenience 
these two patches have been designated as the anterior dorsal and the 
anterior ventral dark patches, and the posteriorly located one as 
the posterior dark patch. These patches undergo very rapid alterations 
during background adaptations.
The dark patches have a large number of dermal melanophores, with 
higher M.M.I. than the other parts of the pattern. The number of the 
epidermal melanophores is generally high in this part of the pattern 
as compared with other regions. The iridophores are comparatively 
much, less in number than in the other units, but certain areas within 
the patches themselves appear to have more iridophores and fewer 
melanophores and sometimes show up as light areas when the pigment in 
the melanophores immediately associated with them becomes aggregated as 
the fish is adapting to certain backgrounds. These areas have been 
termed the light areas of the dark patch, while the other parts of the 
dark patch which normally remain dark on these backgrounds have been
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called the dark areas of the dark patch. Xanthophores are also 
frequently observed in this part of the pattern. A few erythrophores
are also located in this region.
3.2 ARRANGEMENT OF CHROMATOPHORES AND THE SIZE AND DENSITY OF
JJELANOPHORES M  THE PATTERN-UNITS OF TIffi PLAICE.
Chromatophores are generally arranged in a systematic way in the 
skin of the plaice. The epidermis of the dorsal skin contains melano­
phores and the precursors of the xanthophores (page 90 )• The dermis 
in the dorsal skin has chromatophores abutting the basement membrane, 
in the distal region of the stratum spongiosum and also in between the 
dermis and the hypodermis (Platesl-1 and 3-1 ). The chromatophores 
in the upper region of the dermis include all the types, though differ­
entially distributed while the lower region is reported to contain 
melanophores and iridophores only (Roberts et al., 1972). In the 
present study structures resembling leucophores have been observed in 
the subdermal region of the pectoral spot and the white spots in the 
skin-pattern of the plaice (Plate 3-1)•
In general the upper dermis contains a row or rows of iridophores 
in its most distal region. The upper dermal melanophores (Udm) are 
distributed side by side with the iridophores or are slightly deeper in 
position. The melanophores send some of their processes, which can 
mask the iridophores, when melanosomes are moved in them. The xantho­
phores and the erythrophores occupy a position at the level of melano­
phores in most pattern-units or may even be deeper (in the white spots 
and pectoral spot). In the orange part of the black and orange spots, 
however, these chromatophores occupy the most superficial layers of 
the dermis (Plate 3-2). The leucophores are similarly located in 
the white marginal spots, the pectoral spot and the tips of the fin-rays 
(see section 3-3 as well).
Tables 1 & 2 demonstrate the relative size and the density of the epider­
mal, upper dermal and lower dermal melanophores in the different 
pattern-units of the plaice. The epidermal cells (Epm) are located 
all oyer the pattem-units excluding the white spots and the pectoral 
spot. The body of these cells, from which 9 - 12 dichotomously 
branching thin processes emerge, is smaller than that of the Udm 
(Plate 3-3*a). These cells are differentially distributed, being more
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abundant in the dark areas of the dark patches, the dark zones and 
the black and orange spots (lO - 11.9 / unit area, where the unit area 
= 10,000 \L ) fewer in the pale flecks and the pale zone (c.a. 8/ unit 
area), still fewer in the light areas of the dark patches (5/unit area) 
and are absent altogether in the white spots and the pectoral spot 
(Table 2 ).
The upper dermal melanophores have'a broader body and fewer thicker 
processes than Epm (Plate 3-8. b). The area covered by the pigment 
of these cells at different M.I. values (Table 1 ) indicates a
difference in their size in different pattern-units of the plaice. The 
Udm are more densely populated in the dark areas of the dark patches, 
the orange and black spots (black part only) and the dark zones (3^- 
38.9/unit area), less in the white spots and the light areas of the dark 
patches (30 - 35/unit area) and least in the pale flecks and the 
pale zone (26 - 28/unit area). It may, however, be pointed out that 
the Udm are comparatively much more in number per unit area as compared 
with the Udm distribution of Ps eudopleuronec tes americanus studied by 
Burton (1975)- The size of the fish used by Burton was, however, about 
3 times greater than the fish employed in this study, and differences in 
previous background history may be relevant.
The lower dermal melanophores (Ldm) resemble the Epm more than 
the Udm in having a large number of fine processes. (Plate 3-3. p).
They have a small body with processes radiating from it. They seem to 
be more or less evenly distibuted in the different pattern-units 
of the integument excepting the light areas of the dark patches. In
these areas their density is 7-4/unit area, while in all the other
pattern-units it ranges from 10.4 - 14-4/unit area (Table 2 )-
The ventral skin of Salmo salar has been described by Harris and 
Hunt (1973) as containing iridophores and some occasional melanophores. 
In the plaice iridophores are found in abundance on the lower surface
in the untreated fish which after treatment for melanin production
shows distinct melanophores (section 6.3)-. No other kind of chromato­
phore was ever identified in this: region during this study.
3 .3  STRUCTURE OP CHROMATOPHORES’ OP THE PLAICE PLEURONECTES PLATESSA.
The plaice has been described as containing melanophores, irido-
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phores, erythrophores and xanthophores hy Hewer (1927, I931). The 
niirastructure of melanophores and iridophores was partly described by 
Roberts ejk al.(1972). The present study attempted to find out if there 
were any structural differences in the,chromatophores located in differ­
ent pattern-units which could be associated with the differential 
behaviour of these units during 'pattern- matching' to the background 
pattern.
In general,the chromatophores in all the pattern-units may differ 
in their size and distribution but are generally similar in their 
ultrastructural details. ' The melanophores produced experimentally 
on the 'ventral' side of the plaice, however, differ in some respects 
from their 'dorsal' counterparts (page 82).
3.3*1 Ultrastructure of the melanophore.
Melanophores of plaice are much smaller than melanophores of 
most teleosts so far examined. The epidermal and the dermal melano­
phores differ in their general appearence but are essentially identical 
in their ultrastructure. The cell-body of the dermal melanophore 
is discoid, oval or ellipsoidal in its general shape depending on 
the state of the pigment-dispersion (Plate 3-4), and on average measures 
about 10 ]im. in the long axis and 3-6 |im. in the short axis. In this 
respect the melanophore of the plaice is almost half the size of that 
of Pundulus heteroclitus as described ty Bikle at ad. (I966), and 
about three-quarters of the size of that of Pseudopleuronectes americanus 
(Burton, 1975)*
The melanophore in the plaice is enclosed by a single limiting 
membrane, as reported by workers on other teleosts ( Bikle et ad.,
1966; Pujii, 1966b; Takeuchi and Kajishima, 197d)*
The nucleus of the melanophore is oval or kidney-shaped and is 
eccentric in position. In some cases it was observed to be located 
immediately next to the plasma-membrane (Plate 3-4*b). The nucleus 
measures about 4-5 }im long and I.5 - 2.5 pm. broad. It is ensheathed 
in a double nuclear membrane. The nucleoplasm is generally homo­
geneous with little signs of the nucleoli and the chromatin.
The melanosomes are many in number and are spherical or ellipsoidal 
in shape. Their diameter ranges from 0.3 - O .5 pm. Each melanosome
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is enclosed in its own limiting membrane and is richly laden with 
melanin.
The endoplasmic reticulum is located in abundance near the nucleus 
than in any other region of the cell and is tubular and saccular 
in form. The endoplasmic reticulum in the melanophores on the 'dorsal' 
skin is generally agranular (SER).
The mitochondria are generally elliptical and measure O .9 and 
0.6 lira in length and breadth. The cristae vary in their relatively 
moderate numbers from cell to cell. The mitochondria are widely 
distributed in the cell but are more frequently observable in the 
processes of the melanophore in which the melanosomes have been concen­
trated in the centre (Plate 3-4*c). These organoids appear to be 
left behind during melanosomal aggregation.
The Golgi apparatus is not very frequently observed in the melano­
phores on the 'dorsal' side of the plaice (cf. 'ventral' side page 82 ) 
However, some vesicles are suggestive of its occurrence in these 
cells.
Micropinacocytotic vesicles are located along the plasma-membrane 
(Plate 3-4. d). They are more numerous in the cell body than in the 
processes of the melanophores, as described by Bikle et al.(l966) in 
-F. heteroclitus . In platessa the size of these organoids is on 
the average 75 ly 100 nm.
The microtubules in the plaice are difficult to observe. They 
may be rarely seen in the centrosphere and are on the average 20 nm. 
in diameter. These organoids are much thinner than the cytoplasmic 
tubules observed by Holmberg (1968) in Myxine glutinosa and those 
•described by Roberts et ad. (1970, 1972) in Pleuronectes platessa and 
Salmo salar. In size and structure they are similar to the micro­
tubules observed in Fundulus by Bikle ejfc ad. (1966), Green (I968),
Wikswo and Novales (1972) and Murphy and Tilney (1974) » in Carassius 
by Takeuchi and Kajishima (l97l)î in Holocentrus and Gymnocorymbus 
by Murphy and Tilney (1974) and in Pterophyllum scalare by Schliwa
(1978).
Structures resembling the ribosomes and polyribosomes are randomly 
distributed in the cytoplasm of the melanophores of the plaice.
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3.3.1.2 Ultrastructure of the experimentally produced melanophores 
on the 'ventral' side of skin.
The experimentally induced melanophores share many similarities 
with the cells on the opposite side of the body but differ in some 
ultrastruetural details. These cells are generally larger than the
melanophores on the 'dorsal ' side and are about 15 pni. in length 
and 7 - 1 0  pm. in width. The cell bodies of these melanophores are
mostly ellipsoidal in shape. The oval nucleus of the 'ventral' 
melanophore is commonly very regular in outline. In some rare instan­
ces it shows an inward folding of the nuclear membranes (Plate 3-5*a).
It measures about 2.5 — 4 pni. in length and 1.5 ~ 2.5 p®» width. 
Nucleoli and other inclusions can be seen in the nucleoplasm in distinc­
tion to the melanophores on the 'dorsal' side. The melanosomes are 
slightly less in number in the melanophores observed after one month 
of their production while the diameter of the melanosomes is far 
more constant in the melanophores of different areas and of different 
individual plaice. The diameters of the melanosomes range from 
400 - 500 nm. in most of these organoids. Some of the melanosomes 
appear to have a lumen in the middle which in some cases is confined 
in small vesicles near the centre, The number of these vesicles is 
mostly 8 (Plate 3-5.%). The endoplasmic reticulum is much more
prominent and is predominantly granular (PER) in nature. It is widely 
distributed in the cytoplasm along with the agranular reticulum (SER). 
'Mitochondria of varying size are very abundantly located in the cyto­
plasm of the processes and slightly less frequently in the perinuclear 
and other parts of the cell-body. Their size ranges from 0.3 - 0.7 pm- 
in the long axis and 0.25 - O .5 h^e short. These structures
are rounded to oval in shape, are more regular in,outline than the mito­
chondria in the 'dorsal' melanophores and have many more cristae in 
them. The Golgi apparatus with large numbers of cisternae and vacuoles 
are frequently associated with the perinuclear region of the melano­
phores on the 'ventral' side of the plaice. A very large number of 
micropinacytotic vesicles are also clearly observable in the ventral 
melanophores and are almost of the same size as those of the 'dorsal' 
side. Microtubules were not observed in the melanophores on the
'ventral' side. Ribosomes were present, either freely distributed 
in the cytoplasm or in association with the endoplasmic reticulum.
3*3.2 Ultrastructure of iridophores.
3.3.2.1 Ultrastructure of iridophores in the 'dorsal' skin.
Iridophores in the different pattern-units and in the fins are 
elongated howl-shaped structures measuring from 10 - I5 p.m. in 
length and 3 - 6  pm. in width (Plate 3.-6.a). Each is covered by a 
thin limiting membrane (= basement membrane of some authors) .
The nucleus is generally oval in outline and measures 3 - 4  pm. 
in its long axis and 2 - -2.5 pm. in its short axis. It may be eccentric 
in location and in some cases lies along the posterior border.
The nucleoplasm in these cells also generally stains homogeneously 
and few inclusions are evident in the nucleus.
The number of the reflecting platelets in the iridophores of the 
'dorsal' side is fairly high (Plate 3-6.b). These organoids have 
been described as being irregular in distribution in the iridophores 
of Pleuronectes platessa by Roberts at al.,(l9?2) but, in the present 
.study, they appear to be stacked in groups of 4 - 7, these groups 
being orientated at varying angles to one another (Plate 3-6.a and b).
A similar situation has been observed for other fishes (Kawaguti and 
Kamishima, 19&4; Harris and Hunt, 1973; Takeuchi, 197&). The 
groups of reflecting platelets in Pleuronectes platessa are, however, 
not so clearly demarcated from each other as has been described for 
other fishes. Each reflecting platelet has its own limiting membrane. 
The size of the reflecting platelet measured from the thick sections 
of the skin in which they remain unsplit (Plate 3-6.d) suggests that 
each is 0.8 - 1.2 pm. long. In agreement with Roberts ejfc al.(1972) 
the thickness measures 100 - I50 nm.
No spherical or oval granules, similar to those which ahve been 
observed in the guppy Lebistes reticulatus by Takeuchi (l97&) are 
present in the iridophores on the 'dorsal' side of the plaice.
An agranular endoplasmic reticulum of vesicles and tubules is 
randomly distributed in the cytoplasm of the iridophores. A large 
number of mitochondria are present in the iridophores. The number 
of these organoids, in general, appears to be slightly greater than 
that of the melanophores of the same side of the plaice. The 
mitochondria are present throughout the cytoplasm but are more
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concentrated either in the perinuclear region or along the periphery. 
Their size is, however, slightly smaller than that of those in the 
melanophores, i.e. O .5 - O .7 pm, in the long axis and 0.45 - 0 .6 pm. 
in the smaller. The number of cristae in each is, on the average, 
greater than in the mitochondrion of the melanophore. The Golgi 
apparatus, consisting of saccules and vesicles, is frequently observ­
able in the perinuclear region of the .iridophores as has already been 
reported by Roberts e^ al., (1972) in Pleuronectes'platessa, by Harris 
and Hunt (l'973) in Salmo salar and by Takeuchi (l97^) in Lebistes 
reticulatus.
A very large number of micropinacocytotic vesicles are located 
along the plasma-membrane (Plate 3-6.c). Their size is approximately 
the same as that observed in both 'dorsal' and 'ventral' melano­
phores. The ribosomes are present singly or in groups and accompany­
ing them in the general protoplasm are somewhat bigger particles 
possibly of glycogen.
3.3.2.2 Ultrastructure of iridophores on the Ventral'side.
The characteristic feature of iridophores on the 'ventral' side 
of the plaice is that they are arranged in a single layer almost 
immediately underneath the basement membrane of the skin. It is 
rare to see more than one layer (Plate 3-7.a).■ The ventral irido­
phores are arranged with a distance of about 5 pm. in between each 
other, but they may be just next to each other in some other areas. 
These iridophores are smaller than those on the 'dorsal' side and 
are more elongated than broad. On the average the ventral iridophore 
is 8 .0 pm. in length and 2.5 pm. in breadth and only a few exceed 
10 }im, in length and 4 pm. in breadth.
The nucleus is generally rounded or oval in shape and occasionally 
elliptical (Plate 3-7*a). The rounded nuclei are 3*0 pm. in diameter, 
the oval ones are nearly 3*5 pm. and 2.5 pm. in length and width and 
the elliptical ones about 3*5 pm. and 2.5 pm. in length and breadth.
The nucleus is always located in the peripheral region facing the 
hypodermis. Nucleoli are generally visible in the nucleoplasm.
The number of the reflecting platelets is much less than in the 
dorsal iridophores (cf. Plate 3-6.a and 3—7.a). Each reflecting
platelet is usually 1.0 pm. long and 100 nm. thick. These platelets
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are mostly arranged parallel to one another and are almost perpen­
dicular to the surface of the skin. The slight angle at which they 
are tilted reflects the light and makes the skin in this part of the 
body look pale.
In the untreated fish the oval or spherical granules observed by 
Takeuchi (1976) are never seen, but many spherical granules of varying 
size (plate 3-7't and c) appear in the centre of the 'ventral' irido­
phores of the fish treated to produce melanophores under experimental 
conditions (see section 6.3). These granules are widely distributed 
throughout the cytoplasm, but are generally more concentrated in 
the middle of the cell or just towards the epidermal side of the nucleus, 
The size of these structures ranges from rounded vacuoles of about 
50 nm. in diameter to those about 600 nm. in leng'th and 400 nm. in 
width. The smaller granules are electron-dense, while the bigger 
granules have a fibrillar appearance (Plate 3-7»c), These granules 
are limited by a double membrane and are DOPA-positive. The endo­
plasmic reticulum is agranular and sparsely distributed in untreated 
fish. The mitochondria are frequent in distribution. Their size 
is almost equal to those located on the 'dorsal' side of the body 
but they appear to have relatively fewer cristae. The Golgi apparatus 
is well developed and is generally located in the region just on the 
epidermal side of the nucleus. • A better developed G.A. and granular 
endoplasmic reticulum is frequently observable after treating the fish 
for melanosome— production.
The micropinacocytotic vesicles are very prominent and are located 
all over the plasma-membrane of the 'ventral' iridophores. These 
organoids remain unstained in the skin preparations and they are thus 
very clearly distinguishable from the rest of the cytoplasm (Plate 3- 
7» a) •
3.3.3  Ultrastructure of the leucophore.
The occurrence and the structure of leucophores in Pleuronectes 
platessa has not been reported as yet. Sumner (1940b) reported 
their presence in the scales of Paralichthys dentatus. These 
structures are located in the pectoral spot, the white marginal spots 
and the tips of the fins. Their presence in a similarly pale area.
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the pale flecks of the pattern, could not be confirmed in the present 
studies. The leucophores are much sparser in distribution than are 
the other chromatophores and are rounded branched structures with 
a cell body of about 12 pm. in diameter (.Plate 3-8.a and b). The 
leucophores are enclosed in a thin membrane like the other chromato— 
phores. The nucleus is peripheral in location and is generally kidney­
shaped and occasionally irregularly convoluted. The kidney-shaped 
nucleus measures about 3*0 pm. in its long axis and 1.5 pm. in the 
short.. The nucleoplasm is homogeneously stained after double staining 
of the tissue with uranyl acetate and lead citrate (page 66 ).
The pigment granules or the drsopterinosomes are spherical or 
slightly elliptical in shape (Plate 3-8.c and d) and are about 0.4 —
0.6 pm. in diameter. Each drosopterinosome is enclosed in a double 
membrane, which unlike that of Lebistes-reticulatus (Takeuchi, 1976), 
has very small intervening space. Some of the drosopterinosomes have 
an irregular fibrillar arrangement within them, where purine and 
drosopterin are probably deposited, while others contain an amorphous 
deposition (Plate 3-8.d). Present with the drosopterinosomes are 
a few small electron-dense vesicles of about I50 nm. in diameter 
(Plate 3-8.c). These structures are possibly the carotenoid-carrying
granules.
The endoplasmic reticulum of predominently smooth type is located 
in the cytoplasm. The mitochondria are less frequently distributed 
in the cytoplasm of the leucophores and are generally more abundant 
along the periphery than in the middle.. They are 0,4 - 0.8 pm. 
in diameter and have well developed tubular cristae. The Golgi 
apparatus is less abundant in .distribution in the leucophores.
Several micropinacocytotic vesicles are associated with the plasma- 
membrane of the leucophores (Plate 3-8.d). Ribosomes and polyribo­
somes are widely distributed in the cytoplasm of these cells.
Melamine is known to ahve a degenerative effect on the leuco­
phores of the medaka Orvzias latines and the guppy Lebistes reticulatus 
(Hama, 1970; Takeuchi, 1976) and has been shown to be an effective 
method to differentiate leucophores from other chromatophores. The 
same technique was tried to confirm that the leucophores are an integral 
part of the effector cells constituting the integumentary pattern 
of the plaice. The plaice kept for one day in melaraine-saturated 
water showed the rupturing of the limiting membrane of the drosopter-
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inosomes, swelling of the mitochondria and other degenerative changes 
in other organelles (Plate 3-8.e). These cells were completely 
degenerated in the plaice maintained in the melamine solution for 
2 weeks. The other chromatophores, on the contrary, remained 
unaffected.
3.3.4  Ultrastructure of the erythrophore.
Erythrophores are dendritic cells having orange red pigment in them. 
These cells are relatively lesser in distribution than xanthophores.
The cell-body of the erythrophore is the biggest among the chromato­
phores of the plaice, measures about 20 pm. in diameter and is ensheathed 
by a single membrane (Plate 3-9.b).
The nucleus of the erythrophore is oval in shape (Plate 3-9*c) 
and is about 5-6 pm. in its long and 4 - 5  pm. in its short axes.
It is eccentric in position and is mostly located along the cell- 
membrane. The stained nucleoplasm appears homogeneous and indicates 
no nucleolus or other inclusions.
The ,pteridine-containing granules, the pterinosomes, are widely 
distributed in the cytoplasm of these cells. Each pterinosome is 
limited by a membrane of its own, which appears to be composed of two 
layers. The pterinosomes within an erythrophore differ considerably 
in their size and inner structure. Pterinosomes as small as 0.3 pm. 
in diameter to as big as 0.8 pm. in diameter are present within the 
erythrophores, but the majority are O .5 - 0 .6 pm. in diameter and 
spherical or slightly oval in shape. Based on the interior profile, 
these organoids fall into five distinctly different categories (Plate 
3-9*d). The first type contain no or very little inner structure.
The second type contains a deposition of small particles throughout 
the pterinosome along with some fibrillar structures which appear to 
be concentrically orientated. The particles are more numerous in 
the middle than along the periphery. The third kind exhibits a 
structure in which the centre of the pterinosome is occupied by electron- 
dense particles and the periphery retains the fibrous material 
arranged more regularly in concentric rows. The fourth kind of pter­
inosomes shows a state in which the interior is mostly occupied by the 
electron-dense particles and the fibrous material is either completely 
absent or is confined to a limited peripheral area. The structure
of the interior of pterinosomes, in general, agrees with that 
described in the erythrophores of Lebistes reticulatus by Takeuchi 
(1975a, b). All these different kinds appear to be transitional 
stages of the development of a mature pterinosome as suggested by 
Takeuchi (1975b).
Besides these four kinds another type of pterinosome is commonly 
observed in which the interior is occupied by 4 - 5 whorls of concen­
trically arranged lamellae, each being composed of a double membrane. 
This kind of pterinosome has also been reported in erythrophores of 
Xiphophorus helleri (Matsumoto, 1965);'in xanthophores of Oryzias 
latipes (Xamei-Takeuchi ak ad., I968; Kanei-Takeuchi and Hama, 1971) 
and in erythrophores of Lebistes reticulatus (Takeuchi, 1975b).
Present in the erythrophores are some rounded but slightly irregular 
granules which appear to be electron-dense when the tissue is fixed 
in chilled Dalton's chrome-osrnium solution (Dalton, 1955, Page 64 ). 
These structures are 0.3 - 0.45 pm. in diameter and are either randomly 
distributed in the cytoplasm or concentrated in the centre of the cell 
(Plate 3-9'b and c). They have been suggested as the probable site 
of the location of carotenoid pigments in other animals by Alexander 
and Fahrenbach (1969), Bagnara et al.(I968), Berns and Narayan (1970) 
and Takeuchi and Kajishima (l972). The accomodation of the carotenoid 
pigment in the endoplasmic reticulum, as suggested by Matsumoto and 
Obika (1968), seems to be improbable because the cisternae of the endo­
plasmic reticulum remain electron-translucent in the present study 
in all the cells which have shown these electron-dense particles.
Similar results have been reported by Takeuchi and Kajishima (1972) 
in xanthophores of Carassius auratus.
Very well developed mitochondria with many villous cristae are 
distributed in the peripheral part of the erythrophores. The mito­
chondria are fewer in number and are generally fairly rounded structures 
of 1.0 - 1.5 pm. diameter. The cristae are large in number.
The endoplasmic reticulum is generally tubular and is agranular 
in nature. The Golgi apparatus in the perinuclear region consists 
of cisternae and vesicles. Several micropinacocytotic vesicles 
are found attached to the plasma-membrane of these cells and are about 
100 nm. in diameter.
Ribosomes and aggregates of ribosomes are present in the cytoplasm 
of these cells. •
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Miprotubules have not been found in the present study.
3.3.5 uitrastructure of the xanthophore.
Xanthophores are more commonly observed in the plaice than are 
erythrophores. The xanthophores have a reddish-yellow tinge and 
are known to have both pteridins and carotenoid pigment (Takeuchi and 
Kajishima, 1972). The cell body of these dendritic cells is generally 
discoidal and measures 10 - 12.5 pm. in length and 3 - 5  pm. in breadth. 
The cells, like all the other chromatophores, are ensheathed within 
one cell membrane. The nucleus is generally oval in shape (Plate 3-10,c) 
and is 4 - 5 pm. long and 2 - 3  pm. broad. It may occasionally 
be irregular and convoluted in outline. The nucleoplasm•indicates 
the location of a single nucleolus in the nucleus.
Pteridin compounds are located in the pterinosomes, called sepia-
pterinosomes. These organoids, are spherical in shape and appear 
electron-translucent with very few inclusions (Plate 3-10.b) like 
the droscpterinosomes of the leucophores. Sepiapterinosomes are easily 
differentiable from the drosopterinosomes in their being slightly 
smaller in size and being slightly irregular in outline. Sepia­
pterinosomes are 0,3 - O .5 pm. in diameter and are enclosed in a 
double layered membrane. Within the sepiapterinosomes are located 
very fine tubules of vacuole-like structures (Plate 3-10.d). These 
are about 20 nm. in diameter and each sepiapterinosome may have 10 - 
18 of these structures. Sepiapterinosomes of the plaice differ from 
those of the goldfish, which contains an amorphous structure (Loud 
and Mishima, 1963; Hama and Pukuda, I964; Matsumoto and Obika, I968;
Takeuchi and Kajishima, 1972), from the sepiapterinosomes of the
sword-tail; Xiphophorus helleri. which have lamellar structures in 
them (Hama et ad-, I963) and from those of the medaka Oryzias latipes, 
in which they have both kinds (Kamei-Takeuchi and Hama, 1971 )•
A tubular or vacuolated structure, as described here,.has not so far 
been observed in the chromatophores of the fishes. A few pterinosomes 
with an amorphous deposition have occasionally been observed in the 
xanthophores.
Electron-dense granules are present in the xanthophores of the 
plaice as well and are much more numerous in distribution (Plate 
3-10.a) than in the other chromatophores (i.e., leucophores and
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erythrophores). These granules are either randomly distributed in 
the cytoplasm of the cell-body as well as in the processes, or are 
aggregated in the cell-body. "Their size varies from about 100 nm.- 
300 nm. in diameter. The electron-dense nature of these granules 
is suggestive of the presence of the carotenoid pigment.
Round or elliptical mitochondria of about O .4 - O .5 [im. diameter 
are sparsely distributed in the cytoplasm of the xanthophores. The 
mitochondria have a few cristae and appear relatively more in the 
perinuclear region than at the periphery of the cell-body or in the 
processes.
The endoplasmic reticulum consists of tubules- and is both granular 
and agranular in nature.
The Golgi complex is very well developed (Plate 3-10.d)and consists 
of saccules and vesicles. Micropinacocytotic vesicles are abundantly 
located along the plasma-membrane of the xanthophores. Ribosomes 
are found dispersed in the cytoplasm or associated with the endoplasmic 
reticulum. In the xanthophores, as in all the chromatophores excepting 
the 'dorsal' melanophores, microtubules could not be observed.
3.3*6 The developing chromatophore:- Ultrastructure.
In the young plaice certain round or oval cells are frequently 
observed in the region of the pectoral spot or in the fins. These 
cells are located both in the dermis as well as in the epidermis 
(plate 3-11*a) and differ from all the types of cells reported in the 
skin of the plaice by Roberts at al.(1972). These cells are on the 
average 4 - 7 pm. in the long axis and 3 - 5  H-m. in the short axis 
and appear to be the developmental stage of some chromatophore of 
the plaice. The cell is bounded by a single membrane and has a peri­
pheral nucleus. The nucleus may be oval or slightly irregular in 
contour (Plate 3-ll.b) and is stained homogeneously after the fixation 
of the tissue with Dalton's solution or differentially after routine 
double fixation.
Present within these immature chromatophores are many suggested 
pigment granules, a majority of which appear electron-translucent 
while some have one or two electron-dense droplets (Plate 3-ll.b).
These granules are spherical or oval in shape and on the average 
measure O .5 pm', in diameter, m t h  a range of 0.3 - 0.7 pm. The
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diameter of the electron-dense structures in them varies from 100 
to 300 nm.
Mitochondria are spherical'in their outline and are about 0 .6 pm. 
in diameter. The cristae are moderate in number and are villous and 
tubular.(Plate 3-ll.b and c). Tubular endoplasmic reticulum of 
granular and agranular types is abundantly located in the cytoplasm 
of these cells. The Golgi apparatus appears as stacks of long and 
flattened saccules from which small vesicles are formed (Plate 3-ll.b). 
Ribosomes are found singly or in groups and also in association with 
the tubular endoplasmic reticulum. Small vesicles are present 
in the vicinity of the plasma-membrane but they have not been observed 
to make a contact with the membrane like the micropinacocytotic 
vesicles of other chromatophores. The. microtubules were not observed 
in these cells.
These cells slightly resemble the thrombocytes of the plaice, as 
observed by Purguson (l9?6) in their possessing electron-lucent vesicles, 
The suggested immature chromatophores are, however, larger in size 
than are the thrombocytes; their vesicles are bigger than those of the 
thrombocytes and are observable with Dalton's fixation and double 
fixation and have no "fuzzy coat" around them as was observed by 
Purguson (1976) in the thrombocytes of the plaice.
Melanophores are knovjn to have a different structure during devel­
opment and the size of the vesicles and the structure of the immature 
chromatophores eliminate the possibility of their being melanoblasts. 
These structures remained unaffected when the fishes were reared in 
melamine-saturated water, which rules out the possibility of their being 
developing leucophores. Iridophores and the erythrophores have a 
structure very different from these cells and the structure of the 
fully-formed xanthophore resembles these in some ultrastruetural 
details but differs in others. These cells appear to be the early 
stages of the developing xanthophores and their electron-lucent 
vesicles may contain the pteridins and the electron-dense vesicles 
the lipids in which the carotenoid pigments are dissolved.
3 .4 INTERRELATIONSHIP OP VARIOUS CHROMATOPHORES.
Transformation of one kind of chromatophore into another has been
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claimed by some workers (see section 1.1.4 .5, pages 10-11). Similarly 
this transformation has been substantiated by the E.M. studies 
carried out by Taylor (I971) and those of Bagnara (1972) in which 
more than one kind of pigment in one chromatophore has been located.
A similar situation has been observed in the melanophores of the plaice 
in which occasionally some melanophores may demonstrate pterinosome- 
like structures with melanosomes (Plate 3-12.a, b and c). The 
pterinosome-like organoids present in the melanophores have an internal 
structure characteristic of the pterinosomes in the leucophores 
xanthophores, and erythrophores.
The appearance of the characteristic vesicles formed in the 'ventral' 
iridophores of the treated fish (page 85) is perhaps a phenomenon of 
the same nature. These vesicles have tyrosinase-activity and thus 
have the capability to synthesize melanin, characteristic of the melano- 
somès only. The melanization of the cells on the 'ventral' skin of 
the plaice lends support to the concept of chromatophore metaplasia 
of Bagnara (1970, 1972) (see section 1.1.4.5» pages 11 - 12).
3.5  BEHAVIOUR OF THE PATTERN-UNITS DURING BACKGROUND ADAPTATION.
Before examining responses to specific backgrounds it is helpful 
to consider aspects of the behaviour of the integumentary pattern- 
units as described in section 3.1. The process of background adapt­
ation involves the participation of all the pattern-units and.their 
components according to their individual capacities. The responses of 
the pattern-units are highly variable, depending mostly upon the nature 
of the underlying background and the previous background history of 
the fish. The responses of a fish to the plain backgrounds of any 
colour are entirely different from those on the backgrounds with any 
pattern.
3.5.1  Responses to plain backgrounds without any pattern.
When a plaice is subjected to any illuminated background of uniform 
tint (i.e., white, black and various greys) normally all the pattern- 
units either fade or darken depending on the amount of light reflected 
by the underlying background. Usually a white background calls forth
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the paling of all the dark units i.e., the dark patches, the dark 
zones and to a lesser extent the black areas of the orange and black 
spots and the black dots through concentration of melanosomes 
in the melanophores associated with them. The pale zone also fades, 
but the pale flecks, the white marginal spots, the pectoral spots and, 
to a lesser extent, the light areas of the dark patches usually become 
quite indistinct, by an actual dispersion of the pigment in their 
melanophores and may remain so for 1 - 2  days. They then gradually 
fade and are amalgamated in the already pale surrounding ground.
The remnants of the orange and black spots, however, remain visible 
even after very long white-adaptation.
A black background induces a prompt darkening of the dark patches
and the dark zones within a few minutes, followed by the pale zone.
The actual pale flecks, the white marginal spots and the light areas
of the dark patches usually become indistinct due to the dispersion of
their pigment in the melanophores and remain so for 1 - 2  days, but 
become clear afterwards by aggregating the melanosomes. Very long 
black-adaptation, however, produces a general uniformly dark state in 
the plaice. One cannot generalise about the fate of the pectoral 
spot as this unit of the pattern behaves very differently in various 
individuals and is in fact never completely lost in any fish adapted to 
black for a much longer time. The black^adapted individual may have 
it very indistinct at one time and very prominently visible as a 
brilliant white spot at another without any apparent reason.
Adaptation to various greys generally represents the intermediate 
stages of adaptation to white and black. Adaptation of the plaice 
to the greys which reflect more light (having D.O.I. 1-3) resemble 
stages of partial white-adaptation and to those reflecting less light 
(having D.O.I. 4-7) result in conditions resembling various stages 
of partial adaptation to a black background.
Responses to the backgrounds with patterns.
Whenever the plaice rest on the patterned backgrounds a sequence 
of chromatic changes begins which has been described by some workers as 
a trend towards simulation in skin of the pattern of the backgrounds 
(Loeb, 1912; Pitkin, I912). During the course of such a 'background- 
matching' , some units of the pattern may act in one direction while-
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others change differently, so that a definite configuration is 
produced in the skin pattern, which may to a varying extent roughly 
approximate a copy of the background pattern. In general the 
adaptive changes of the integumentary units to patterned backgrounds 
can be summed up as follows:-
i
Adaptive responses of the dark patches.
In general these patches may change in either size or shape.
Some backgrounds with patterns induce the fish to decrease or increase 
the areas of these patches. This variation in size is a result of 
the movement of the pigment in the peripheral melanophores of these 
patches and in the melanophores in their immediate neighbourhood, 
which reduce the size of the patches when they concentrate their 
pigment and increase their size when they disperse it.
While responding to some patterned backgrounds, the fishes either 
break down their dark patches into dark and light areas of various 
sizes or make them look more uniformly dark and solid. These changes 
are brought about by differentially moving the pigment in various 
areas of the patches so that some areas have their melanophores with 
well dispersed melanosomes and others with well aggregated melanosomes, 
that is, there may be a centripetal or centrifugal movement of the 
melanosomes in melanophores of all parts of the dark patches or only in 
localised regions.
Adaptive responses of the dark zones.
Generally the changes are of the same nature as described for the 
dark patches. In addition to those, in some cases, these zones 
become much pronounced in one part of the -skin and fade in another.
This too results from the differential responses of melanophores in 
different regions of the dark zones, which aggregate their melanin 
and fade some areas while spreading their pigment out in other regions 
make^hem appear more prominent.
Adaptive responses of the orange and black spots.
This pattern-unit of the plaice undergoes the least alterations
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during adaptation to the patterned backgrounds. The dark areas of 
these spots may darken a little or fade slightly, which involves 
the centrifugal or centripetal displacement of melanosomes in the 
pigment cells. The movement of the pterinosomes in the erythrophores 
and the xanthophores brought about by the b/w patterned background 
are very insignificant and thus, these coloured units of the pattern 
seems to play very little role, if any, in background adaptations of 
this kind.
Adaptive responses of the black dots.
Under the influence of some patterned backgrounds these tiny dots, 
consisting of densely packed melanophores, become hardly visible to 
the naked eye (melanosome-aggregation), while some other patterned back­
grounds cause their prominence in the integument (melanosome-dispersion) 
Because of the abundance of these very small spots, they play a signif­
icant role in the mechanism of 'pattern-matching'; when prominent, 
the fish appears to be granulated, when minimal in size, lightly and 
evenly tinted.
Adaptive responses of the pale patches.
Functionally there seems to be very little difference in the pale 
patches which comprise the actual pale flecks and their surrounding 
areas, and the white marginal spots and the areas surrounding them 
(page 74). All these, in principle, act as one unit during the process 
of background adaptation. The possible changes which can be induced 
•in these parts of the skin pattern by the pattern of the background 
are (a) the intensity of the actual flecks and the white spots become 
greater or become less distinct. This can be accomplished either by 
the aggregation of melanin in the melanophores of the flecks and spots 
or by its dispersion respectively, (b) The spreading out of the flecks 
and the white spots in the adjacent areas or their reduction in size. 
This is the result on the one hand of the aggregation of melanosomes 
in the peripheral melanophores of the flecks and the spots and/or, 
on the other hand, their dispersion in the peripheral melanophores 
respectively and/or similar changes in the melanophores immediately 
surrounding the flecks and the spots. (c) The final possibility is
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that both (a) and (b) occur simultaneously, i.e., there are changes 
both in intensity and in size. This situation is particularly apparent 
when the background on which the fish lies changes from a B/w 
chequerboard of 1.0 cm. side to one of 0.1 cm. side (Plates 3—19,
3-20 and 3-21). The adaptive changes occurring in the pectoral 
spot generally follow those of the pale flecks and the white marginal 
spots. However, in some cases it acts as a unit apparently on its 
own and its state may not tally with that of the other spots.
Adaptive responses of the pale zone.
The three areas of the pale zone perhaps play the most effective 
role in the 'background matching' mechanism. This zone may either 
become reduced in size or increased in size; or become discontinued 
and divided into smaller units; or be invaded by the encircling dark 
zones; or become undifferentiated from the rest of the integumentary 
pattern. Besides this it can also be made to fade or darken consider­
ably. All these changes can occur without the participation of either 
the black dots or the pale flecks located in this.
Increase or.decrease/of the pale areas in the pale zone is a 
product of the activities of the marginal melanophores of the pale zone 
as well as those of the peripheral melanophores of the dark zones 
or dark patches. Discontinuity in. each area is accomplished through 
the differential responses of the melanophores of some regions within 
the area which undergo dispersal of their pigmentary substance and 
thus divide this into smaller areas. In the same way, sometimes a 
widespread dispersion of the pigment in most of the melanophores of 
the pale zone calls forth a situation in which it looks as if the pale 
areas have been invaded by the surrounding dark zones. A widespread 
differential response of melanophores throughout the pattern produces 
a typical configuration in which all the pattern-units become indis­
tinguishable from one another (Plate 3-19.b).
Because of the large number of units engaged in the process of 
colour and pattern changes during background adaptation and the small 
size of the melanophores, it is difficult to maintain a record of fast 
nervously controlled changes at cellular levels. The rapid chromatic
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changes of the fishes are essentially nervously controlled. How 
much part hormones pla.y on a patterned background is problematical 
but some intermediate combinations can be assumed. The hormones 
presumably play some part when the fish is adapted for some days to 
any plain or patterned background of approximately constant total 
reflectivity. The plaice has been found to have slow chromatic 
responses as compared with some free-swimming teleosts. Most of its 
chromatic adjustments require a few minutes to 2 hours after its exposure 
to the patterned or plain background. Adaptation to the former are 
faster and are mostly accomplished in a few minutes to ■§• hour after 
exposure while an adaptive equilibrium is generally achieved on a plain 
background within 1 — 2 hours. It can be safely presumed that the 
major chromatic responses during the first 2 hours of exposure to 
a background are predominently nervously initiated and maintained.
Such changes have not been observed microscopically and were therefore 
not reported by earlier workers. Only by continuous recording from 
the same living individual fish at the microscopic level can these 
changes be better observed.
By choosing two selected areas for photomicrograph recording it 
is possible to observe the individual melanophores representative of 
most of the categories listed in section 3.1 (pages 7 0 - 7 6  & 92-
96 ). Photomicrographs xl20 of the caudal part of the anterior
dorsal dark patch shows the patch with light and dark areas, the neigh­
bouring part of the normal area ( the median pale area), and the 
black dots in its vicinity. A similar photograph of a single pale 
fleck or the white marginal spot with the surrounding area of the pale 
patches shows these regions and the surrounding melanophores of the 
normal area comprising a part of the pale or the dark zone, depending 
upon the location of the pale patch observed. The responses of the 
black dots forming annuli around the pale flecks can also be observed 
in such micrographs.
The study of the chromatic activity of the representative pattern- 
units from the photomicrographs ( in conjunction with the photographs of 
the entire fish, and of the selected areas of the body) has been 
carried out in an attempt to elucidate the nature of the pattern 
changes in the plaice at the cellular ..level.
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8*5*2 Responses of the plaice to the patterned backgrounds.
In order to have a general idea about the extent of the pattern 
change in the plaice, a few photographs of some fishes with the mottled 
background history need to be viewed while showing this phenomenon in 
response to some backgrounds of circles and squares of different sizes. 
All these photographs were taken after hour exposure to these back­
grounds and the changes which they show can be considered to have been 
produced and maintained by the nervous components in the animals.
3.5*2.1 Macroscopic observations of the pattern-changes.
Fishes 1, 3 and 6 were used for most observations and their pattern- 
changes are described. In order to avoid the confusion due to indiv­
idual variability, the changes in the pattern of the same individual 
fish on one background are compared with those of the same fish 
on the other backgrounds.
3.5*2.1.1 Effect of white backgrounds with black circular spots 
of various sizes on the pattern.
(i) -f White background with circular spots l/32 1 /4
' Responses of the three fishes, which differed in their basic 
patterns, were still strikingly different from one another on this 
background (Plates 3-13*a, 3-14*a, 3-15*a). In each the dark zones, 
the dark patches, the pale areas, the pale flecks, the white marginal 
spots and the pectoral spot remained varyingly distinguishable.
This situation illustrates the wide difference in response of differ­
ent individuals ta the same background.
(ii)- White background with circular spots l/32 3/8
Only fish 6 was exposed to this background and a distinctly changed 
pattern was observed as compared with that on (i) (see Plate 3-15-b).
The changes were more pronounced in the paler units of the pattern: 
the pale zone reduced in size by the invasion of the dark zones; 
the areas of the pale patches were also reduced and the boundaries of 
the flecks and the marginal spots became well marked, the pectoral spot
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reduced in size and the light areas in the dark patches and in the 
dark zones reduced in size and in some cases were no longer distinguish­
able.
(iii)- White background with circular spots 1/16 3/8
Pish 6 showed that doubling the area of the spots (as compared with
(ii)) induced an evident spreading of the pale zone and the pale 
patches at the expense of the dark zones, which in some areas were 
intercepted and thus discontinued (see Plate 3-13.b and 3-15*c).
The pale flecks and the white spots did not retain the well marked 
outlines.
(iv)- White background with circular spots I/1 6 5/8
Increasing the distance between the circular spots of the same size 
(as compared with (iii)) produced a fair amount of response and some 
changes were observed in the pattern of fishes 1 and 6 (see Plate 3-13*0 
and 3-15*&). These changes basically consisted of very slight fading 
of the dark patches and the dark zones and a relatively greater amount 
of darkening in the pale areas of the pattern. As .a result the fishes 
appeared darker when they, were on background (iii). The flecks and 
the white spots, including the pectoral one, became less distinct 
and the black dots in or around them became prominent.
(v) - White background with circular spots 1/4 3/4
The evident change in the pattern shown by fishes 1 and 3 in response 
to this background with big circular spots include the darkening of 
the dark patches and the dark zones and the slight trend towards the 
darkening of the pale zone (see Plate 3-13*d and 3-14*b). The pale 
flecks and the white spots reduced in size, but became comparatively 
more pronounced. Fish 3 showed a relatively less darkened pale zone.
(vi)- White background with circular spots 1/4 1%
Subjecting fishes 1 and 6 resulted into the formation of a highly 
contrasting pattern in the integument (see Plates 3-13-e and 3-15.e). 
The contrast of the pattern was produced through the fading of the 
pale areas of the pale zone and the darkening of the dark patches.
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The pale flecks and the white spots were obscured through the covering of 
the iridophores by the melanophores in fish 1 and they were less prominent 
in fish 6.
3.5*2.1.2 Effect of black backgrounds with white circles of various 
size on the pattern.
(i) - Black background with circular spots l/32 I/4
Fishes 1 and 3, when their patterns were compared with those on 
white background with black spots of the same size, and the same distance 
apart (section 3»5.2.1.1) were strikingly different (cf. Plates 3-13.a, 
3-14.^ a with 3-16.a and'3-1?.a respectively). These changes were predom­
inantly the prominence of the pale flecks throughout the basic pattern.
The pale flecks and the white spots were reduced due to considerable 
darkening of the surrounding areas. The pale zones of the two fishes, 
as à whole, acquired darkening to a varying degree. The overall 
effect was the general darkening of the fishes although this involved 
a fair .amount of fading of the dark patches and the dark zones. The 
light areas in the dark patches and the zones became quite evident and 
well spread out.
(ii)- Black background with circular spots 1/32 3/8
Fish 6 on this background indicated a much better contrast in the
basic pattern than on white background with black spots of similar 
size and distance in between (cf. Plate 3-15*b with Plate 3-18.a).
This contrast was mostly achieved by the fading of the pale zone of 
the fish. The pale areas and the pale patches appeared to have spread 
out in the dark patches and the zones. The dark patches and the dark 
zones showed the light areas which were covered on background of opposite 
colour.
(iii)-Black background with circular spots 1/16 1-g-
Fish 6 demonstrated a big pattern change in response to this
background, which has only 2.78^of white in it. (Plate 3—l8.b). The 
pattern developed was formed as a result of well spreading out of the 
pale zone on the expense of some areas of the dark patches and the 
dark zones, while the other areas of the dark patches and the dark 
zones became extremely dark and very dense. The number of pale flecks
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was greatly reduced in the general pattern. The white marginal spots, 
the pectoral spot and whatever few pale flecks were left in the pattern 
matched with their surrounding areas and as a result their outline 
became vague and difficult to distinguish. Large numbers of the black 
dots spread out and caused a granulated appearance of the fish, at 
least in its pale zone and patches.
(iv)- Black background with circular spots I/ 4  3/4
While responding to this background fishes 1, 3 and 6 demon­
strated a general darkening in all components of their pattern 
(cf. Plates 3-13.d, 3-14.b and 3-15-e with 3-16.b, 3-1?.b and 3-18.c 
respectively). The pale flecks and the light areas which showed through 
the general darkened pattern were lesser in number than on the above 
mentioned backgrounds excepting that of white circular spots I/I6 
1-g- on which they were relatively more. The patterns indicated by 
these fishes was much darker on this background than when they were on 
the background of opposite colour (Section 3.5*2.1.1 (v)) and the 
flecks and the white spots had more prominent outlines on this back­
ground.
3.5.2.1 .3 Effect of checkerboards of black and white squares of 
different sizes on the pattern.
(i) - Squares with 1.0 cm. sides.
The pattern adopted by fishes 1, 3 and 6 on these squares maintained 
a good degree of contrast in the dark and the pale units (Plates
3-19.a, 3-20.a and 3-21.a). The dark patches and the dark zones were 
quite dark and the pale zone became paler by varying degrees in the 
three individuals. The pale flecks and the white spots remained
quite prominent and well spread out. The black dots around the flecks,
white spots and in other areas of the pattern became minimal in size.
(ii)- Squares with 0.1 cm. sides.
All the three fishes showed very distinct alterations in their 
patterns in response to this background (Plates 3—19*^? 3—20,b and
3-21.b). The pattern became more or less uniform, with no distinc­
tion b^^'ween the/dark and the pale units of the pattern or very
: # ■
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little if any. The dark patches and the dark zones reduced their
tone and marbhed the tone acquired "by the pale units having become
dark. The pale flecks and the white spots, including the pectoral 
spot, although they remained just distinguishable, acquired a brownish 
colour. These units, however, became much reduced in size. The 
black dots stood out more prominently in the pattern.
3.5.2.2 Microscopic observations of the pattern changes.
Study of the photomicrographs — the records of the neurally evoked 
events which occur during pattern-transformations in response to back­
grounds of different nature- supports the description of these events 
in section 3.5.2.1. These micrographs (to be illustrated and discussed 
in later sections) show a better picture of the differential responses 
of some basic pattern-units to different varfgated backgrounds.
Table 3 demonstrates the M.M. I.s of the representative pattern-units 
of fishes 1, 3 and 6 calculated from their micrographs after hour 
exposure to the pattern backgrounds.
3.5.2.2.1 Difference in responses of the plaice to backgrounds with
black circular spots and to those with white circular spots.
The general effect produced after exposure of the fishes 1, 3 
and 6 to white backgrounds with black spots of different area and 
variously distributed appears to be (a) the maintaining of slightly 
spread out pale flecks and white spots in various stages of distinc- 
ness ( the M.M. I.s of the melanophores ranged from 1.18 - 2.2 in 
fish 1, 1.22 - 1.56 in fish 3 and 1.24 - I.56 in fish 6), (b) keeping 
the pale zones less dark (the M.M.I. values of melanophores in the surro­
unding areas of the pale flecks ranged from I.96 - 2.38 in fish 1,
1.5  - 1.76 in fish 3 and 2.1 - 2.64 in fish 6), (c) the maintain- 
ance of the dark tone of the dark patches of melanophores in the dark 
area of the dark patch ( the M.M.I.s ranged from 2.4 - 3.14 in fish 1, 
3.68 - 3.82 in fish 3 and 3.12 - 3.44 in fish 6) and (d) showing 
relatively more of the light areas in the dark patches ( the M.M.I.s 
ranged from 1.8 — 2.36 in fish 1, 1.6 — 1.86 in fish 3 and 2.24 —
3,08 in fish 6) (see Table 3).
The same animals showed drastic changes on the backgrounds of
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TABLE 3. Mean M.I.s of melanophores of the representative naf.+.pr'n—nn-i+.c:
. of the integument of fishes 1, 3 and 6 on different black and 
white patterned backgrounds. The M.M.I. values were calculated 
after -g- hour exposure of these animals to the patterned 
backgrounds.
Fish
No.
Description. Background. The pale patch. The dark patch.
Size of
circular
spots.
Distance
in
between.
Pale 
fleck 
M.M. I.
Surround­
ing area 
M.M. I.
Light
area
M.M.I.
Dark
area
M.M.I.
1 Black spots 
on white. 1/32 ' 1/4 1.32 2.1 1.82 2.92
II 1/16 3/8 1.98 2.32 2.36 2.76
II 1/16 5/8 2.2 2.38 2.36 2.4
11 II 1 /4 3/4 1.18 1.96 1.8 3.14
If White spots 
on black. 1/32 1/4 1.2 2.48 1.24 2.38
If II 1 /4 3/4 2.62 2.46 3.12 3.52
II
II
Checkerboards 
with squares
II
1.0 cm. 
0.1 cm.
sides.
sides.
1.68
3.05
2.52
3.54
1.76
2.24
3.02
2.5
3 Black spots 
on white. 1/32 1/4 1.56 1.76 1.86 3.68
II II 1/4 3/4 1.22 1.5 1.6 3.82
II
11
White spots 
on black
II
1/32
1/4
1/4
3/4
1.36
2.58
2.44
2.36
1.78
3.02
3.22
4.O6
II Checkerboards 
with squares 1.0 cm. sides 1.42 1.54 1.96 3.28
II II 0.1 cm. sides 1.76 1.88 2.42 2.76
6
II
Black spots 
on white
II
1/32
1/32
1 /4
3/8
1.56
1.24
2.1
2.46
2.24
3.08
3.12
3.44
It II 1/16 3/8 1.36 2.34 2.9 3.38
II II 1/16 5 /8 1.48' 2.64 2.86 3.24
II
II
White spots 
on black
II
1/32
1/16
3/8
li
1.28
2.16
2.22
2.28
2.2
3.18
3 .4
4.00
II II 1 /4 3/4 1.98 2.44 3*64 3.82
It Checkerboards 
with squares
1.0 cm. sides 1.65 2.74 1.82 3.96
II II 0.1 cm. sides -2.96 4.00 3.42 3.06
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the reverse nature, i.e. black backgrounds with various size and density 
of the white spots on them. The effects of these backgrounds, in 
general were (a) the relative less prominence of the pale flecks and 
white spots (the M.M.I.s of the melanophores in the representative 
flecks ranged from 1.2- 2.62 in fish 1, 1.36 - 2.58 in fish 3 and 
1.98 - 2.26 in fish 6), ( b) the darkening of the pale zone of the patte­
rn (the M.M. I.s in the areas surrounding the pale flecks ranged from 
2.46 - 2.48 in fish 1, 2.36 - 2.44 in fish 3 and 2.22 - 2.44 in fish 6),
( c ) the variation in the comparatively darker tone of the dark areas 
in the dark patches and the dark zones from slightly less on the back­
grounds with smaller circular spots (l/3 2 I/4, and 1/32 3/8) to
much darkening on bigger spots (^ |-) (the M.M. I.s ranged from 2.58 - 
3.54 in fish,1, 3.22 - 4.06 in fish 3 and 3*4 - 4*0 in fish 6) and 
( d ) the relatively greater prominence of the light areas in the dark 
patches on backgrounds with smaller spots and their becoming very 
indistinct on backgrounds with bigger circular spots (the M.M.I.s 
varying from 1.24 - 3.12 in fish 1, I.74 - 3.02 in fish 3 and 2.2 -
3.08 in fish 6) (Table 3). '
The'fishes generally exhibited more clearly distribution of the pale 
flecks in the pattern on black backgrounds with white spots. This 
phenomenon appears to be the result of the darkening of the pale 
and the dark zones of the pattern rather than the aggregation of the 
melanosomes in the actual pale flecks or other areas of the pattern.
The M.M.I.s of the pale flecks, in fact, increased in all the fishes 
on black backgrounds containing white spots (see Table 3) making them 
less distinct. The darkened surroundings make them look more distinct 
in the pattern, when the fishes are exposed to black backgrounds 
with white spots.
3.5.2.2.2 Difference in responses of the plaice to squares of 1.0 
sides and those of 0.1 sides.
The photomicrographs of the fishes 1, 3 and 6 taken after -J- hour 
exposure to these two backgrounds ( to be illustrated and discussed in sec­
tions 4.6 and 3.2) confirm the changes which took place in the macro­
scopic structure of the pattern. The pale flecks look more evident 
on a background with bigger squares because of aggregation of the 
pigment which reduced their M.M.I.s (I.68 in fish 1, 1.42 in fish 3
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and 1.56 in fish 6). The M.M.I. values increased to 3*05 in fish 1, 
1.76 in fish 3 and 2.96 in fish 6 because of pigment dispersion in them 
on a background of small squares. The dispersion of the pigment in the 
pale flecks and the white spots renders them less distinct on small 
squares. Also, the pale flecks and the white spots became reduced in 
size when these fishes were exposed to small squares. This condition 
was the result of dispersion of the pigment in the melanophores of 
the surrounding areas, in which the M.M.I.s increased from the values 
on 1.0 cm. squares, namely, 2.52 in fish 1, 1.5 in fish 3 and 2.74
in fish 6, to 3.54, 1.88 and 4*0 in fishes 1, 3 and 6 respectively.
The light areas of the dark patches, which were well distinguishable 
on the.1.0 cm. squares (M.M.I.s being 1.74, 1.96 and 1.82 in fishes 
1, 3 and 6 respectively) became less distinguishable on 0.1 cm. 
squares because of the increase in their M.M.I. values (2.24 in fish 1, 
2.42 in fish 3 and 3.42 in fish 6). The situation in the dark patches 
of all the fishes demonstrated the events which could explain the 
approach of uniformity of the pattern following exposure to 0.1 cm. 
squares by simultaneous changes in all its parts. The pale flecks, 
the surrounding areas and the light areas in the dark patches showed 
dispersion of melanosomes in their melanophores on 0.1 cm. squares, 
while the dark areas aggregated them and thus reduced their M.M,I.s of 
the 1.0 cm., namely, 3.02 in fish 1, 3.28 in fish 3 and 3.96 in fish 
6, to 2.5, 2.76 and 3.06 in fishes 1, 3 and 6 respectively on the small 
squares (see Table 3).
3.6 CONCLUSIONS AND DISCUSSION.
The skin of the plaice lodges a number of different sized chromato­
phores, variously arranged and distributed, to form a definite pattern 
on it. Many kinds of chromatophores have been reported in different 
teleosts. The occurrence of leucophores in P.platessa is a new record 
in this fish. Similarly, the arrangement of these chromatophores 
in various pattern-units, their density per unit area, the size of the 
pigment-mass at different M.I. scales and their gross and ultrastruc­
ture are being described for the first time. The ultrastructure of 
the melanophores and the iridophores of P. platessa has partly been 
described by Roberts et (1972). Though this fish possesses 
three distinctly different shaped melanophores, the process of pattern
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change seems to be accomplished through an almost exclusive activity 
of the upper dermal melanophores. In ultrastruetural details the 
three kinds of melanophores resemble each other but differ from the 
experimentally produced 'ventral' melanophores in some respects (page 
82). These differences can possibly be associated with the intra­
cellular physiological conditions of the two kinds of melanophores 
at different developmental stages. A well developed Golgi apparatus 
and a predominantly granular endoplasmic reticulum in the 'ventral' 
melanophores (page 82 ) indicates a state of high activity of the 
cell, presumably for melanin-synthesis. The comparatively large 
number of cristae in the mitochondria in the 'ventral' melanophores 
provides circumstantial evidence supporting the greater energy require­
ment of a cell during an active phase (Hopkins, 1978) (see pages 271 - 
274 well). The lacunated lumen of some melanosomes in the 'ventral' 
melanophores (page 82 , Plate 3-5) indirectly supports the mechanism of 
melanosome formation as suggested by Turner e^ (1975) in Carassius 
auratus (section 1.4.2, page 52 ).
In general, all kinds of chromatophores of the plaice resemble in 
their ultrastructure similar cells in other teleosts but are generally 
greater in number and smaller in size. This characteristic is vital 
for an active pattern-changer which might lose this activity if it 
had to disperse the pigment through greater distances in less abund­
antly located larger cells. The inevitable stable position of 
chromatophores in the skin of the plaice militates against greater 
chromatic activity for pattern adaptations. This is substantially 
overcome by highly developed differential responses of the melanophores 
during this process. The melanophores of the upper dermal layer 
of different pattern-units show a very well defined differential 
activity in response to changes in the background and thus bring 
about changes in the entire integument. These changes are complex 
but in general involve a limited number of active sites (pages 70-76). 
The principle pattern-unit areas of chromatic activity (Figure
3-1) by their cooperation bring about changes in the integumentary 
pattern. This phenomenon is exaggerated by the differential response 
of the melanophores in different areas of the same pattern-unit.
The melanophores of different pattern-units can effectively 
bring about variable transformations in the basic integumentary pattern 
when the fish is subjected to different kinds of patterned backgrounds
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(pages 98 - 105)- These changes are brought about within a few minutes 
to -g- hour during the neurally controlled phase of colour change.
Various myelinated and unmyelinated nerve fibres were observed in the 
vicinity of chromatophores of the plaice during E.M. study. Some 
nerve endings of probably adrenergic fibres have been observed making 
contacts with chromatophores (.Plate 3-6 and 3-9). The differential 
activity of the melanophores of either different pattern-units or 
the same unit in opposite directions, even when the fish is exposed 
to a background for a short period, indicates that the aggregation and 
dispersion of the melanosomes is brought about by an obviously neural 
control.
Backgrounds of different nature have effects on the pattern on 
the skin (page 98 - IO5). The reflectivity of the ground and of the 
components of the background affects the chromatic activity of the plaice 
differentially (see pages 1?1 - 197). Black circular spots on a white 
ground generally called forth a contrast in the integument with distin­
ctly visible pale flecks and white spots. The reverse happened on 
a background of opposite nature and the fish generally darkened its 
pale areas and pale flecks and the white spots were shrunk in size and 
lost their prominence. The chromatic activity of the plaice on back­
grounds of circular spots of various diameters indicates that the 
small, sized spots of the background usually influence the fish to 
show more of the,pale flecks and the white spots in a less contrasting 
integumentary pattern. The opposite usually happens when it is 
exposed to backgrounds with bigger circular spots (cf. Plate 3-19»a 
with 3-20.a).
The characteristic pattern changes in flatfish on b/w checker­
boards with different sized squares have long been a subject of 
fascination (Sumner, I9II; Mast, I9I6) and have been often mentioned by 
subsequent workers ( Os born, 1939a-; Groot et al., 1969» Lanzing, 1977)» 
Such changes on squares of 1.0 cm. and 0.1 cm. sides are not only 
remarkably differentiable from each other but are also accomplished 
within a very short period and thus can safely be employed to determine 
the chromatic capability of an individual plaice.
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Various factors play a part in determining the chromatic reactions 
of flatfish to the plain and patterned backgrounds. They will 
now be considered.
4 ESTIMATION OF m E  EXTENT OP EFFECT ON I1Œ NEURALLY CONTROLLED 
CHROMATIC RESPONSES OF T ^  PLAICE DURING BACKGROUND-ADAPTATION 
BY SOME FACTORS RESPONSIBLE FOR IT.
4.1 FACTORS RESPONSIBLE FOR COLOUR AND PATTERN CHANGES WHILE 
RESPONDING TO PLAIN OR PATTERNED BACKGROUNDS.
Immediate surroundings and the physiological or morphological 
conditions of the fishes have a profound effect on their chromatic 
responses. All these factors influence the chromatic behaviour of 
the fish to a varying extent:
Size of the fish.
Mast (1916) pointed out that the size of the fish may well affect 
their rate of adaptation to the background. In general, the time 
required is considerably longer for larger fishes than it is for 
smaller ones.
The background history of the fish.
Previous adaptation to a black or white background affects the 
chromatic responses of the fishes on background reversals (Sumner,
1911; Mast, I9I6; Osborn, 1939a). It was observed that when a 
long black-adapted fish was transferred to white, it required more time 
for complete white-adaptation as compared with the fish which came 
from the sea. The same was true for a long white-adapted fish 
after its background reversal. Similarly if a fish is continuously
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exposed to only one background, it requires more time to adapt to 
another background than the fish which has been frequently changed 
from one to the other. Many authors have reported an increase in 
the adaptive rate upon repetition of the responses. Osborn (1939a) 
observed that Paralichthys dentatus required from 1 to 3 days to 
adapt to black when taken from nature but usually adapted to the same 
extent in from I5 to 20 hours on a second trial immediately following 
the first. The adaptation time was reduced from days to minutes 
after many trials.
The background can stimulate the fish in a number of ways and induce 
a corresponding change in its basic pattern. Various elements of 
the patterned backgrounds have been shovm to influence the chromatic 
behaviour of some flatfishes in different ways. These include
. The configuration of the patterned background.
The nature of the configuration of the objects in the patterned 
background is mainly responsible for the configuration of the basic 
pattern in the integument of the 'pattern-matching' fishes like the 
plaice. Sumner (19II) believed that the skin pattern of the flat­
fish changes so as'to harmonize with the configuration of the back­
ground, but never copies it in any true sense. The fishes were 
shown to have markedly different patterns on backgrounds with different­
ly shaped objects like squares, circles, crossbands etc. on them 
(Sumner, I9II; Mast, I9I6; Groot e^ al., 1969» Lanzing, 1977)*
The size of the figures in the background.
The size of the figures in the background has also been greatly 
emphasized by Pitkin (1912) and Loeb (I912) (page 290 ). Both 
Sumner (19II) and Mast (19I6) believed that this has a bearing in 
determining the nature of the integumentary pattern in flatfishes.
Sumner (19II) believed that the small figures in patterned backgrounds 
lead generally to the production of small figures in the skin and the 
large ones tend to produce large areas of black and white colour in 
the skin. Mast (I9I6), on the other hand, did not agree with Sumner 
fully and believed that the figures of the background were never copied 
truly in the skin and that if these figures were excessively large 
or very small in size, then the fishes tend to assume a uniform 
shade, or, at any rate, there is no simulation of the background.
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Distance between the figures in the background.
Mast (1916) found out that the distance between the components of 
the patterned backgrounds has a profound effect on the pattern 
formed in the skin of the flatfishes.
Contrast in the background.
It is generally observed that the fishes on illuminated black 
backgrounds become darker and on illuminated white become pale.
In response to backgrounds of various greys, their tint generally 
becomes intermediate and tends to match the D.O.I. of the background. 
How far the contrast in the patterned black and white background 
affects the chromatic behaviour of the fishes seems not to have been 
explored as yet, although it has been believed to be one of the major 
factors in pattern vision (Mctokawa, 19?0)* The responses of some 
flatfishes on backgrounds with pure white and black components have 
been studied mainly by Sumner' (19II), Mast (19I6) and Osborn (l939a). 
Since most flatfishes are responsive to the changes in the reflectiv­
ity of an underlying plain background, they can be expected to be 
chromatically active to the changes in D.O.I.s of the black or white 
components of the patterned backgrounds.
4 .2  ESTIMATION OP TEE EFFECT OF BACKGROUND HISTORY OF T m  PLAICE ON 
■ ITS NEURALLY CONTROLLED CHROMATIC BEHAVIOUR.
4 .2.1  Introduction.
Transient and quantitative colour changes in fishes have been 
given much attention, but little work has been performed to inter­
relate the two, Babak (I912, 1913) proposed that quantitative 
colour change was the product of persistent transient colour change. 
This was maintained by Himmer (1923) and some other workers, but 
the exact relationship of the two remained unexplained. Odiome 
(1936), on the other hand, suggested that both these events are parallel 
phenomena resulting from a common (perhaps neuro-hormonal) cause and 
that quantitative colour change is not dependent upon the persistent 
transient colour change. He believed that the neurohumors which 
initiate the melanosomal movement in the melanophores also, in due 
course of time, cause melanin"increase or decrease, depending upon 
the nature of the neurohumor. This idea of Odiome was earlier
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indicated, as a possibility by Giersberg (l934) and was later accepted 
by many workers including Sumner (l940b).
Whether the two types of colour’changes in the fishes are depend­
ent on one another, or whether they are parallel results of a common 
cause, it is well known that the neurally.controlled pigmentary 
movements are affected by the hormonal state of the fish. A previous 
black- or white-adaptation is knoivn to increase or decrease the rate 
of adaptation of that fish to the same background or to a new back­
ground after its background reversal (Sumner, I9II; Mast, I9I6;
Osborn, 1939a)*
Many teleosts are believed to be under the dual control of nerves 
and hormones and the melanosomal movements in their melanophores are 
initiated and maintained by the nervous components and are then assisted 
by the hormonal coordinating mechanism'. A nervous control mechanism 
involves a few seconds to minutes to initiate the response of the effec­
tor organ. Some period of time may be required to complete the response. 
The blood-borne hormones, on the other hand, take more time to reach 
the chromatophores and the latter react rather slowly to them (Waring, 
1942). It is generally presumed that the response of a fish to any 
underlying background which is accomplished within a period of two 
hours is predominantly neurally initiated and that which requires 
more than that period is predominantly under hormonal control (Hogben 
and Landgrebe, 1940 ).
Maintaining a fish (under dual control of hormones and nerves)oiBor W 
is believed to increase the relative amounts of the darkening hormone 
(MSH) and the paling hormone (MCH) respectively. After known lengths 
of black- and white-adaptation the reactions of an animal after 2 
hours on patterned backgrounds, known to affect its neurally controlled 
behaviour, are presumed to indicate this behaviour in association 
with its hormonal balance. Reversing the background of this animal 
results in a change in its hormonal balance. Periodic recording of 
the chromatic behaviour of a fish during its adaptation to a new 
background should provide data to compare with its neurally controlled 
responses on the original background of adaptation. Similarly if 
this fish is returned to the background of initial adaptation and 
its neurally controlled chromatic responses recorded, the effect of 
background history of the fish on its neurally controlled chromatic 
behaviour can be studied.
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Oil this basis the investigations of section 4.2 were carried
out.
4*2.2 Method and the coding of background histories.
All the fishes used in this experiment were obtained from Robin 
Hood's Bay, Yorkshire, and were maintained on the mottled background 
of the containers for two weeks before being subjected to black or 
white backgrounds. Pish 5 remained on black for 44 days, fishes 
12 and 13 for 101 days and fish B1 for more than 10 months. Fish 
4 remained continuously exposed to white for 61 days, fishes 14 and 
15 for 101 days and fish W1 for more than 10 months. Only fishes 
4 and 5 were periodically exposed to the patterned backgrounds 
( (i) white with black circular spots I/I6 1% and (ii) white with 
black spots 1 1% ) and the chromatic responses of the entire fish,
of the representative pattern-units (the caudal part of the anterior 
dorsal, dark patch with the surrounding area and the pale patch around 
a pale fleck along the lateral line in the right ventral half of 
the fish) and of the tips of two fin rays and their-inter-radial 
area in the dorsal fins were recorded after hour, 1 hour and 2 hours 
exposure as described earlier(see section 2.2.3 page63 ). A
sketch of each fish was drawn at the beginning of these observations, 
and the areas of the pattern-units under study clearly marked for 
future reference. Fishes 12 and 13 and fishes I4 and I5 were 
retained on a black and a white background respectively for 101 days 
and their neurochromatic responses were recorded on the 100th. and 
101st. days. The backgrounds to which these animals were subjected 
comprised the squares of 0.1 and.1.0 cm. sides in checkerboards.
The typical response of the fish and its melanophores is shown in Plate 
4-1. The adaptation of fishes 5» 12 and 13 to black has been
termed B(m)-adaptation and of fishes 4» 14 and I5 W(m), since the 
previous background from which these animals came was the mottled one 
of the stock tank.
The 101 days B(m)-adapted fishes 12 and 13 were transferred to 
a white container, where they remained for IO5 and II9 days respect­
ively. The chromatic behaviour of fish 12 towards the two backgrounds 
with squares was observed on the 12th. day of background reversal.
" [,[
Figure 4-1. ’Diagram to summarise the experiment performed for 
studying the effect of previous adaptation on the 
neurally controlled responses. The dark, the light 
.^d the mottled lines indicate the entire course of 
black-, white- and mottled-adaptation respectively 
and the areas interrupted with ^ refer to the days 
on which the fishes were examined for their response 
to the stimulant patterned backgrounds. Fishes 
studied on each background for the neurally controlled 
chromatic activity have been underlined.
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Recordings of the nervously controlled responses of fish 13 were 
periodically made for the period of II9 days of its white adaptation.
The process of adaptation of fishes 12 and 13 to white has been described 
as W(b)-adaptation to differentiate it from white adaptation W(m)- 
of fishes 4, 14 and I5 (background of previous adaptation within ( ) 
and that in progress before the brackets). Pishes I4 and I5 were 
retained for 101 days in a white container after their transfer from 
the mottled background stock-tank and their responses to the stimulant 
backgrounds of different sized squares were recorded on the 100th. and 
101st. days of their W(m)-adaptation. These fishes were then trans­
ferred to a black container and the chromatic responses of fish I4 
were periodically recorded during different stages of its IO8 days of 
B(w)-adaptation. Pish I5 was observed on the 108th. day of its B(w)-ad- 
aptation and was then returned on the white background of its previous 
adaptation and its neurochromatic responses recorded as usual. This 
third adaptation has been called W(wb)-,or B(bw)- in case of fish 12.
Figure 4*1 indicates the whole scheme of this experiment.
Preparation of results.
Results were prepared as described in section 2.3 pages 67-69 •
Tables and graphs were prepared after studying the M.M.I. values of 
batches of 5O melanophores in each area of the representative 
pattern-units of the fishes observed. Efforts were made to record the 
chromatic changes in the same groups of melanophores but in case of 
quantitative depigmentary colour changes it was not possible to do so.
In those cases the areas under' observation were spread out to cover 
as many visible melanophores as possible and their M.M.I. values 
considered to represent those of the melanophores in the areas. The 
melanophores which appeared during the quantitative pigmentary colour 
changes were not considered while calculating the M.M.I. values of 
those areas of the pattern-units.
In order to have a clearer idea of the chromatic change in these 
animals, photographs of the entire fish, of the representative 
pattem-units (bellows photographs) and those of the groups of cells in 
each area of the pattern-units (photomicrographs) were simultaneously 
studied. The reason for exposing the fish to 2 backgrounds (e.g. 
checkerboards of 1 .0 and 0.1 cm. sides) during any stage of background
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adaptation was to estimate the extent of the effect of the physiolog­
ical condition of the animal ( in terms of the hormonal balance) 
on the neurally initiated responses of the fish to backgrounds known 
to cause opposite effects on melanosomal dispersion in the melanophores 
of different pattern-units. Although the melanophore index is an 
arbitrary scale and its figures have no linear relationship, an analysis 
of the state of melanosomal dispersion in the same groups of cells 
to indicate the difference due to a change in the extent of retinal 
stimuli on backgrounds of opposite nature seems to be fairly justified. 
The characteristic chromatic response of the fish to either background 
has been termed 'trend of response' of .the fish. Whenever the trend 
was found to be opposite to its normal behaviour it has been described 
as 'reversal of the response'. The response of any group of cells in 
the fish to any stimulating background on a particular day of adaptation 
has been calculated on the basis of the difference in the M.M.I. 
values of these cells in the fish before its exposure to that back­
ground and the M.M.I, of the same group following exposure.
Response of patch x_ M.M.I. of patch x _ M.M.I. of patch x
on day y on day y on background (i),(ii^,(iii) or
' (iv) on day y or (y+l).
+ or - values indicate further dispersion of the melanosomes or their 
aggregation respectively after the exposure of the fish to patterned 
backgrounds, from the state observed before the exposure of the fish 
to any patterned background.
Similarly, another method has been adopted to estimate the effect 
of background-history on the neurally-controlled chromatic behaviour 
by finding out the difference of the M.M.I. values of the melanophore 
groups on the two stimulating backgrounds. This difference, has 
been designated the 'magnitude of response* of the respective pattern- 
units which indicates the overall ability of the fish in differentiat­
ing the two backgrounds from each other and the degree of its differen­
tial responsiveness in respect to the difference in the pattern of 
the two..
Magnitude of response of = M.M.I. on background 1.0 cm. squares (or 
group X on day y black spots on white 1 1% M.M.I. on back-
• • • ground 0.1 cm. squares (or black spots on white
l/l6 ix)* • .
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Appendix 5 shows the chromatic activities of the representative 
pattern-units in all the fishes undergoing different kinds of adaptations 
Their consultation may help greatly in comparing different kinds of 
adaptations and their effects on the neurally controlled responses 
of individual pattern-units.
4*2,3.1 Adaptation to white background.
4.2.3.1.1 Effect of W(m)-adaptation on the integumentary pattern of 
the plaice.
Pishes 4, 14 and I5, when transferred from the mottled background, 
went quite pale within 2 hours of exposure, but retained the slightly 
faded dark patches. The pale flecks and the white spots generally 
became indistinct by an actual dispersion of the pigment in their 
melanophores. The paling of the fish, involving aggregation of melano­
somes in melanophores of all the pattern-units, progressed with time 
and after 5 to 6 days of 'W(m)-adaptation they became still paler, but 
the remnants of the dark patches still persisted (Plate 4-2). Consid­
erable paling, as a result of depigmentation of melanophores and an 
increase in the number and pigmeht-amount of the iridophores occurred 
after 16 - 1? days. Ely this time the basic pattern was completely 
lost (excepting the orange and black spots) and the dark patches were 
no more visible. Considerable increase in number of iridophores 
(and presumably of leucophores) and a gradual decrease in the melanin- 
amount of melanophores, and possibly in their number, was observed 
after 35 days of exposure when the fishes became almost maximally 
pale. A maximum of 60 days W(m)-adaptation was enough to bring about 
maximum.paling (Plate 4-2) and any longer stay on white background 
made little difference in the appearance of the fishes. Pish W1 showed 
censiderable paling after over 10 months of W(m)-adaptation.
4 .2.3.1*2 Microscopic changes in the skin of the plaice during 
W(m)-adaptation.
Table-4 and Plate 4-3 indicate a gradual decrease in M.M. I.s 
in the representative pattern-units of fish 4 at different periods of 
white-adaptation, with the exception of the melanophores in the 
light and the dark areas of the dark patch on the 9th. day, when they
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TABLE 4. 'M.M.I. values of the melanophores in the representative 
pattern-units of the W(m)-adapting fishes 4 , I4 and I5 
on different days of adaptation. Calculated from the 
same batches of 50 melanophores.
Pish No. No. of days 
on white.
The pale patch 
melanophores.
The dark patch 
melanophores.
Pale fleck 
M.M.I.
Surround­
ing area 
M.M.I.
Light
area
M.M.I.
Bark
area
M.M.I.
4 4 1.26 1.32 1.64 2.38
4 9 1.22 1.26 2.66 3.04
4 17 1.14 1.2 1.18 1.24
4 . 23 1.1 1.16 1.16 1.18
4 34 1.00 1.1 1.1 1.12
4 60 1.00 1.06 1.06 1.08
14 and 15 101 1.00 1.00 1.00 1.00
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recorded an increase in their M.M.I. values from 1.64 and 2.38 on 
the 4th. day to 2.66 and 3.04 on the 9tb. day respectively.
The decrease in M.M.I.s was relatively faster and greater in the 
melanophores of the dark patch than in those of the pale patch. 
Melanophores of the pale flecks ( which generally disperse the pigment 
following exposure to a white background for 1 to 2 days) were the 
first to aggregate their melanosomes maximally during 23 - 34 days 
of W(m)-adaptation. Maximal aggregation (M.M.I. l.O) of melanosomes 
in melanophores of the other representative pattern-units required 
longer exposure to white (more than 60.days) and the melanosomes were 
observed to remain in a maximally aggregated state in fishes 14 and 15 
after 101 days of exposure to white.
Pish’4 showed a quantitative decrease in the amount of pigment to 
a level where the melanophores were no more visible at different 
rates in the representative pattern-units. This decrease was about 
30^ of the melanophores in the pale fleck; 18^ of those in the 
surrounding area of the pale patch; about .25^ of those in the light 
area and 39^ of the melanophores in the dark area of the dark patch 
(sea Appendix 6 ).
4*2.3*1.3 Effect of length of W(m)-adaptation on the neurally 
controlled chromatic responses of the plaice to 
patterned backgrounds.
Observation of the changes in the entire pattern.
4th. day of ¥(m)-adaptation:- Pish 4 went pale on the 4th. day, 
but retained a differentiable though faded basic pattern. The dark 
patches were more or less solid with a few light areas showing through. 
The pale flecks and the white spots were not distinct. The orange 
and black spots were well marked.
When subjected to the white background with black spots l/l6 I14, 
fish 4 acquired a pattern in which the dark patches and the dark 
zones had faded considerably and the pattern as a whole possessed 
many pale flecks overall, with some darker areas along the dorsal and 
the ventral halves. The white spots were also better marked. (Plate
4-4.a)
While responding to background ( ii) with black spots 1 It  
fish 4 demonstrated well pronounced dark patches and the dark zones.
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The pale flecks and. the white marginal spots were slightly more evident 
than when the fish was on background ( i) (Plate 4-4.b).
9th. day of W(m)-adaptation;- The general basic pattern of fish 4 
remained unchanged excepting the dark patches which stood up more by 
the dispersion of their melanosomes.
This fish maintained its trend of response to the two backgrounds 
of circular spots (i.e., fading of the dark patches and the dark zone 
on (i)) and retaining them on (ii))- The magnitude of response of 
the representative pattern-units was, however, reduced, indicating 
the lowering of its ability of 'pattern-matching'.
17th. day of W(m)-adaptation:- At this day of adaptation, fish 4 
demonstrated practically very little signs of the basic pattern. It 
responded to the patterned backgrounds (Plate 4-5) as it did before on 
the 4th. and 9th. day., but.the magnitude of response was further 
reduced.
23rd. day of W(m)-adaptation:- The basic pattern of the fish was 
almost completely indistinguishable (Plate 4-2.b). The fish indicated 
some adaptive responses towards background (ii) and there was hardly 
any noticeable change on background (i).
34th. day of W(m)-adaptation;- The fish after this long stay on 
white was almost maximally pale and there were left very little signs 
of the basic pattern in the paled integument. Pish 4 showed virtually 
no noticeable response to either of the two patterned backgrounds, 
when exposed to each for 2 hours.
60th. day of W(m)-adaptationt- The fish had gone maximally pale 
(Plate 4-2.c) and had very little traces of the actual basic pattern. 
The fish remained apparently unaffected on both the patterned back­
grounds (Plate 4-6) as on day 34*
100th. day of W(m)-adaptation;- Fishes I4 and 15 exhibited maxim­
ally paled integument with practically indistinguishable basic pattern. 
Both these animals remained unchanged to either of the two trial back­
grounds . .
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4.2.3•1.3•2 Observation of the chromatic changes at the melano­
phore level.
4.2.3.1.3.2.1 Neurally controlled responses during W(m)-adaptation.
In general, the fish responded by dispersing pigment in its melano­
phores in the representative units of the pattern while responding 
to background (ii) and as a result the M.M.I. values acquired when on 
white during W(m)-adaptation were raised when on background (ii)
(Table- 5 and Plates 4-7.c, d and 4-8.c, d). The response to background
(i), on the other hand, resulted in M.M.I. values less than those 
obtained on background (ii) (see Table 5). The responses of the 
different representative units on background (ii) differed from each other 
and the M.M.I.s were at some time lower than those obtained during W(m)- 
adaptation and at other times higher (of. Tables 4 and 5(1))• When 
the. fish was subjected to background (i), on the 4th. day of W(m)- 
adaptation, it further displaced its melanosomes in the pale fleck and 
the surrounding area (Plate 4—7* a) and aggregated them in the pigment 
cells of the light and the dark areas of the dark patch (Plate 4-7'b).
The-M.M.I.s were, therefore, increased for the melanophores in the pale 
fleck and the surrounding area of the pale patch and were reduced in 
those of the light and the dark areas of the dark patch (see Tables 4 
and 5(i)). On the 9th. day of W(m)-adaptation, fish 4 demonstrated an 
overall reduction of M.M.I.s on background (i) than those on white.
A rise in M.M.I.s was recorded on the 17th. day of W(m)-adaptation in 
all the pattern-units. The two areas of the pale patch snowed no 
change afterwards but the dark and the light areas in the dark patch 
exhibited an increase on the 23rd. day and a slight increase and a slight 
decrease on the 34th. and 60th. day of W(m)-adaptatidn in the dark and 
the light areas respectively (see Table 5 (i) and Plate 4-8.a and b).
Different areas of the basic pattern of fish 4 were differentially 
influenced by the patterned backgrounds with the increase in W(m)- 
adaptation. The melanophores in the pale fleck were the first to stop 
any pigment movement under their influence after the 23rd. and the 24th. 
day of W(m)-adaptation. They were followed by the surrounding area 
melanophores, which exhihited their non-responsiveness to hackground (i) 
on the 23rd. day and to hackground (ii) on the 6lst. day of W(m)- 
adaptation. The melanophores of the light area of the dark patch 
. remained unchanged towards change of background from white to hackground
122,
TABLE 5. M.M.I, values of the W(m)-adapting fishes while responding to 
the patterned backgrounds after varying length of adaptation. 
5(i) shows the responses of the melanophores in different 
pattern-units to a background of black spots on white I/I6 It 
or to 1.0 cm. squares. 5(ü) shows the response of the same 
melanophores to a background of black spots on white 1 1^ or
to 0.1 cm. squares. 5(iii) shows the magnitude of responses 
of these melanophores towards these patterned backgrounds 
and so indicates the responsive accuracy of the fish at any 
stage of adaptation.
Pish
No.
Length
of
W(m)-
adapt-
ation.
(days)
Nature 
of the
Melanophores 
pale patch.
of the Melanophores 
dark patch.
of the
test
back­
ground.
Pale
M.M.]
fleck
[.
Surround­
ing area 
M.M.I.
Light area 
M.M.I.
Dark area 
M.M.I.
4 4 1/I6 1% 1.28 (+0.02) 1.57 (+0 .25) 1.3 (-0.34) 1.36 (-1.02)
4 9 11 If 1.17 (-0.05) 1.2 (-0.06) 2.19 (-0.47) 2.63 (-0.41)
4 17 If If 1.15 (+0.01) 1.22 (+0.02) 1.83 (+0.65) 1.93 (+0.69)
4 ■ 23 If II 1.1 ( 0 ) 1.16 ( 0 ) 1.18 (+0 .02) 1.27 (+0.09)
4 34 II II 1.00 ( 0 ) 1.1 ( 0 )• 1.09 (-0.01) 1.11 (+0.01)
4 60. II II 1.00 ( 0 ) 1.06 ( 0 ) 1.11 (-0.01) 1.11 (+0.01)
101 1.0 cm. squares. 1.00 ( 0 ) 1.00 ( 0 ) 1.00 ( .0  ) 1.00 ( 0 )
4 5 1 li 1.35 (+0.09) 1.68 (+0.36) 3.09 (+1*45) 3.25 (+0.87)
4 10 II II 1.23 (+0 .01) 1.27 9+0.01) 2.69 (+0.03) 3.15 (+0.11)
4 18 II II 1 .2 (+0.06) 1.25 (+0.05) 2.2 (+0.02) 2.51 (+1.27)
■4 24 II II 1.1 ( 0 ) 1.2 (+0.04) 1.18 (+0.02) 1.28 (+0.1 )
4 35 II II 1.00 ( 0 ) 1.13 (+0.03) 1.16 (+0.06) 1.17 (+0.05)
4 61 II II 1.00 ( 0 ) 1.06 ( 0 ) 1.12 ( 0 ) 1.13 (+0.01)
;?!
101 0.1 cm.squares. 1.00 ( 0 ) ■ 1.00 ( 0 ) 1.00 ( 0 )
1.00 ( 0 )
>
4, 4 & 5
II
<D 3 1 + 0.07 + 0 . 11 + 1..79 + 1.89
4
4
9 & 10 
17 & 18
i I I
 ^CQ Ü , 
0) d h|tcrh 1—1 
0 iH
+ 0.06  
+ 0.05
+ 0.07  
+ 0.03
+ 0.5
+ 0*37
+ 0.52  
+ 0.58
4 23 & 24 0 + 0.04 0 + 0*01
4 34 & 35 0 + 0.03 + 0.07 + 0.06
4 60 & 61
rd
- 0 0 •d
0 0 + 0. 01 + 0 . 02
;?i 100 & 101 §)M H 0S g g k
s a
0 0 0 0
(i)
(ii)
(iii)
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(ii) after 61 days ¥(m)-adaptation and responded insignificantly to 
background (i). The melanophores in the dark area of the dark patch, 
however, maintained their responses towards either background on the 
61st. day of W(m)-adaptation in fish 4, though they had become insig­
nificant towards background (i) on the 34th. day and towards (ii) on 
the 61st. day of W(m)-adaptation (of. Table 5 (i) and 5(ii).
The overall effect of W(m)-adaptation on neural activity as observed 
through changes in the M.M.I. values of melanophores in the represent­
ative pattern-units on the stimulant backgrounds, was a gradual decrease 
in the chromatic activity of the fish to a state of non-responsiveness 
with increase in length of W(m)-adaptation. The only outstanding 
exception to this general response was observed on days 4 and 9, when 
the melanophores of the dark patch recorded a big increase of their 
response towards background (i). In general, the melanophores of all 
the representative pattern-units appeared to have lost their ability 
to respond to either background during 23 34 days of W(m)-adaptation
(Table 5 (i) and (ii)).
4.2.'3.1.3*2.2 Effect of length of W(m)-adaptation on the magnitude of 
response to the two backgrounds of circular spots.
4 days of W(m)-adaptation appeared to have very little effect on 
the magnitude of responses to the two backgrounds. The melanophores 
of the two areas of the dark patch followed and almost truly depicted 
the response which they would have shown on day 0 of W(m)-adaptation.
The magnitude of response was greatly reduced in the 9 - 10 days 
W(m)-adapted fish 4 because the fish responded by increasing the M.M.I. 
value of the dark and light area melanophores from those obtained on 
the 4th. day of W(m)-adaptation on background (i). The reduction of 
magnitude on 9 - 10th. day amounted to 1.29 and 1.37 in the light 
and dark areas of the dark patch. The melanophores of the pale fleck 
showed a very negligible further decrease of 0.01 from the magnitude 
value obtained on 4 - 5th. days of W(m)-adaptation and the reduction in 
the magnitude was also less in the melanophores of the surrounding 
area of the pale patch (see Table 5 (iii)).
On 17 -18 days of W(m)-adaptation, there was a further decrease 
in the magnitude of responses of the melanophores in the pattern-units 
excepting the dark area of the dark patch, which recorded a negligible 
increase of 0.06 from that calculated on the 9 - 10 days of W(m)- 
adaptation.
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After 23 days of W(m)-adaptation the magnitude of response 
became reduced in all the representative areas. The melanophores in 
the two areas of the dark patch, however, kept responding very insignif­
icantly to either of these backgrounds up to 61 days, while the melano­
phores of the pale fleck and its surrounding area had ceased responding 
after 23-24 and 60-61 days of W(m)-adaptation.
100-101 days of W(m)-adaptation resulted in complete inability 
of ’pattern-matching' in fishes I4 and I5 and the pigment in their 
melanophores remained maximally aggregated in response to either of the 
two backgrounds of squares (which are known to have much greater impact 
on the chromatic responses of the untreated animals i.e., fishes from 
the mottled tank. Very little pigment was visible after this long 
exposure to white and this pigment remained completely arrested in the 
centre of the melanophores, when the fishes were exposed to the two 
backgrounds.
4 .2.3.2 Adaptaptation to black.
4.2“.3.2.1 Effect of B(m)-adaptation on the integumentary pattern of the 
plaice.
Fishes 5» 12, 13 and B1 were transferred from the mottled bottom 
stock-tank to a black container. Observations were periodically 
recorded on fish 5 for the first 44 days of B(m)-adaptation, while 
fishes 12 and 13 remained exposed to black for 101 days in all and 
their chromatic responses towards the two patterned backgrounds of 
squares were recorded on the 100th. and 101st. days of B(m)-adaptation. 
Fish B1 remained on black for a period of over 10 months, before 
being subjected to the patterned backgrounds.
All these fishes turned dark following their transfer from a
I . .
mottled background to black. The different areas of the pattern did 
not darken simultaneously (see Plate 4-9) and as a result the basic 
pattern remained distinguishable for at least 13 days (plate 4-9*b) 
or more. The dark areas of the pattern (dark patches and the dark 
zones) became darker and the paler parts of the pattern (pale zone and 
the pale patches) were gradually invaded by the dark areas up to day 
21 and were ultimately reduced to tiny flecks and spots after about 
40 days (Plate.4-9'C). Only the pectoral spot remained more or less
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unaffected. The dark patches were difficult to differentiate from 
the general pattern, which at that stage of B(m)-adaptation had become 
almost equally dark. After 100 days of B(m)-adaptation, fishes 12,
13 and B1 appeared almost uniformly dark with very slight indications 
of the pale flecks and the white marginal spots and with prominently 
visible pectoral spots, though slightly reduced in size.
Over 10 months B(m)-adapted fish, Bl, appeared uniformly dark 
and had completely lost its pattern (Plate 4 - 5 2 . C  ). There were 
no signs of the pale flecks or the white spots. The pectoral spot 
too had become brownish black in colour by the dispersion of melano­
somes in its melanophores. Occasionally the long B(m)-adapted fish 
showed the rows of the white marginal spots. This may be due to the 
'psychic paling' as suggested by Osborn (l939a).
4.2.3.2.2 Microscopic changes in the pattern of the plaice during 
B(m)-adaptation.
Table 6 demonstrates a clear fall in the M.M.I.s of the various 
representative pattern-units on the 13th. day of B(m)-adaptation 
of fish 5 from the values obtained on the 7th. day (of. Plates 4-iO*a, b 
and 4-10.c, d). The decrease of the M.M.I. values was greater 
in the melanophores of the pale fleck and the surrounding area than 
those of the light and dark areas of the dark patch and agreed with the • 
contrasting pattern on the fish.
Melanosomes were further dispersed in the melanophores of all the
representative pattern-units and as a result the M.M.I.s increased ...
during 13 to 21 days of B(m)-adaptation (Table 6). The M.M.I.s of 
all the representative units, excepting the pale fleck, exceeded the val­
ues observed on the 7th. day of B(m)-adaptation. These increases 
were of the order of 0.46, 1.12, 1.16, and 1 .0 from the values on the 
13th. day of B(m)-adaptation in the pale fleck, the surrounding area 
of the pale patch, the.light and dark areas of the dark patch respect­
ively. The dark patches of the pattern of the fish, originally 
broken up, became continuous because of the big rise of M.M.I.s in 
the light areas in them (see Table 6).
During 21-43 days of B(m)-adaptation, fish 5 had gone very dark and 
the melanophores of the representative areas showed an increase in 
dispersion of the pigment. The concentration of the melanosomes in
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TABLE 6. M.M.I. values of the melanophores in the representative
pattern-units of the B(m)-adaptating fishes 5, 12 and 
Bl on different days of B(m)-adaptation.
Pish
No,.
Length of 
B(m)-
Melanophores of the 
pale patch.
Melanophores of the 
dark patch.
adaptation. Pale fleck 
M.M.I.
Surrounding 
area M.M.I.
Light area 
M.M.I.
Dark area 
M.M.I.
5 .7 days 2.18 2.82 2.92 3.46
5 13 " 1.22 1 .9 2.78 3 .3
5 21 " 1.68 3.02 - 3.94 4 .3
5 . 43 " 1.38 2.8 3.06 3 .8
12 99 " 2.72 4 .1 3.06 3.18
Bl over 10 
months
2.83 3.05 3.55 3 .7
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the melanophores occupying light and the dark areas of the dark 
patch on the 43rd. day as compared with day 21 of B(m)-adaptation 
may account for the appearance of the tiny paleish areas in it and 
matching of these patches with the rest of the general ground respect­
ively in the macroscopically observed pattern. The aggregation of the 
melanosomes in the pale fleck and the surrounding area of the pale 
patch accounts for the indication of the pale flecks and the white 
marginal spots in the fish undergoing B(m)-adaptation.
After 99 days of B(m)-adaptation fishes 12 and 13 showed M.M.I.s 
which were higher for the melanophores in the pale fleck and the surroun­
ding area of the pale patch than that of fish 5 on the 43rd. day of 
B(m)-adaptation (see Table 6) and were equal for the light areas of 
the dark patch and less than the M.M.I. of the dark area of the dark 
patch of fish 5 on the 43rd. day of B(m)-adaptation. However, as a 
whole, the M.M.I.s of the representative areas showed a tendency 
towards uniform dispersal of melanosomes in most of the cells, with 
slightly less dispersed pigment in the pale flecks and the white 
spots, which thus show in the general pattern. This explains the 
characteristic macroscopic pattern observed in these animals after 
101 days of B(m)-adaptation.
Over 10 months B(m)-adapted fish, Bl, showed the same tendency of 
having a uniform dispersion of melanosomes in melanophores of most 
parts of the pattern. The slightly lower M.M.I.s in the melanophores 
of the pale fleck made them show through the darkened general ground.
In general it becomes evident from these observations that longer 
subjection to black may not necessarily bring about maximal dispersion 
of the pigment in all the melanophores.
A slight increase in numbers of melanophores was observed during 
20-40 days of B(m)-adaptation, while a decrease in the guanine amount 
was already clearly indicated between 13-21 days of B(m)-adaptation.
The quantitative increase in.number of melanophores was about 12^ in 
the pale fleck, about 9^ in the surrounding areas of the pale patches, 
10^ in those of light areas of the dark patches and nil in the dark 
areas of the dark patch on day 40 of B(m)-adaptation (see Appendix 6 ).
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4«2.3*'2.3 Effect of length of E(m)-adaptation on the neurally 
controlled chromatic responses of the plaice.
4 .2.3.2.3*1 Observation of the changes in the entire pattern.
7th, day of B(m)-adaptation.
7 days on black produced a general darkening of the fish 5, but 
the basic pattern on the skin remained distinguishable. The pale 
areas appeared to have been invaded by the dark areas of the dark zones. 
The pale' flecks and the white spots remained prominent though their 
boundaries were not well marked (Plate‘4-9*a).
During its 2 hour exposure to the white background with black 
spots I/I6 It (background (i)), fish 5 demonstrated adaptive changes 
which included.the covering of the pectoral spot, the pale flecks 
and the white marginal spots; paling of the pale zone of the pattern 
and much fading of the dark patches and the dark zones (Plate 4-H*a).
The response to background (ii) resulted in the prominence of the 
pale flecks, white spots and the pectoral spot in the integumentary 
pattern of fish 5 (Plate 4-11*b). The boundaries of these pattern- 
units were much better recognized when the fish remained on background 
(ii) than on background (i). The dark patches, the dark zone and the 
pale zone of the pattern on the skin faded under the influence of 
background (i), but they remained comparatively darker on background
(ii).
13th. day of B(m)-adaptation;- Pish 5 appeared to be slightly 
paler than on the 7th. day of B(m)-adaptation. The dark patches 
appeared slightly less dark and showed slightly prominent light areas 
through them. The pale flecks and the white spots stood out more 
prominently, but their boundaries were not clearly demonstrated because 
of the fading of the surrounding areas of the pale patches (Plate
4-9'b).
The trend in the responses of fish 5 towards the two patterned 
backgrounds remained unchanged, as was observed on the 7th. — 8th. 
days of B(m)-adaptation i.e. , covering of the pale flecks and white 
spots, with less prominent boundaries on background (i) , and their 
prominence, with better marked boundaries on background (ii), and more 
fading of the dark areas of the pattern on background (i) than on (ii) 
(Plate 4-12). However, the fish appeared to have undergone less
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adaptive changes on the 13th. day of B(m)-adaptation than before.
21st. day of B(m)-adaptation;- Fish 5 had been fairly well B(m)- 
adapted on the 21st. day and demonstrated general darkening of the 
pattern. However, few pale flecks and the white spots still persisted 
but they were slightly less prominent. The pale patches around the ' 
pale flecks and the white spots were considerably reduced in size.
The trends of responses towards the patterned background remained 
more or less as before (i.e., as on 7 - 8th. and 13 - 14th. days) 
excepting that the boundaries of the pale flecks and the white spots, 
which remained better marked on background (ii) at previous occasions, 
were lost in the surrounding areas of the pale patches (cf. Plates
4-12 and 4-13).
43rd. day of B(m)-adaptation:- The fish was so far B(m)-adapted 
that the general tint was very dark and the basic pattern on the skin 
lost excepting for very few pale flecks and the white spots (Plate
4-9). The trends of responses of this fish after 43 day of B(m)- 
adaptatiOn towards the two patterned backgrounds (Plate 4-14) remained 
more or less similar to those shown on 7 - 8th. and the 13 - 14th. 
days of adaptation.
99th. day of B(m)-adaptation:- Fishes 12 and 13, which were const^ 
antly kept in the black container for 99 days, went very dark after this 
long exposure. They were almost uniformly black, with very little 
traces of the basic pattern. The pectoral spot and the white spots 
were, however, prominent.
Fish 12 was subjected to the backgrounds with 1.0 (background (iii)) 
and 0.1 (background (iv)) cm. sided squares. .The response of this 
fish remained a typical one i.e., an almost evenly granulated pattern 
with indistinct and reduced pale flecks and the white spots and much 
faded dark patches and the dark zones on background (iv) and distinct 
and spread out pale flecks and the white spots with prominently darkened 
dark patches and the dark zones on background (iii) (see section
3.5.2.1 .3  pages 101-102 ).
Over 10 months' B(m)-adaptation;- Fish Bl, which remained constant­
ly exposed to the black background for about 320 days, exhibited very
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dark skin, with very little traces of the pectoral spot or of the 
white marginal spots. However, the dark patches and the well spread 
out orange and hlaok spots were recognizable in the general basic 
pattern of the fish.
_ When subjected to backgrounds (i) and (ii) of circular spots the 
fish demonstrated some adaptive changes in which it agreed with the 
response of the fish 5» namely, well covered pale flecks and white 
spots on background (i) and distinctly observable on (ii). In other 
respects it differed from that of fish 5 in having more faded dark 
patches and dark zones' on background (ii) instead of background (i).
4 .2.3.2.3*2 Observations of the changes at the mèlanophore level.
4 .2.3.2.3.2.1 Heurally controlled responses during B(m)-adaptation.
The chromatic responses of the B(m)-adapting fish 5 to the trial 
backgrounds (i) and (ii) were mainly performed, throughout its 44 days 
of adaptation, by concentrating the pigment and thus by lowering of the 
M.M.I.-values of the melanophores in the light and dark areas of its 
dark patch from the values obtained during B(m)-adaptation (see Tables 
6 and 7 (i) and (ii)). Pishes 12 and B1 indicated'a similar response 
in their melanophores of the dark and the light areas of the dark 
patches. The melanophores of the surrounding area of the pale patch 
generally responded to background (i) by aggregating their melanosomes 
to a greater extent on background (i) and generally to a lesser extent 
on background (ii) and the M.M.I.s were decreased more on (i) than on 
background (ii) from the values obtained while B(m)-adaptation. There 
were some instances ( on 13th., 14th., 43rd. and.44th. days) when fish 
5 responded to the trial backgrounds by further increasing the M.M.I.s 
from those observed at that long B(m)-adaptation in the surrounding 
area of the pale patch (see Tables 6 and 7 (i) and (ii)). The increase 
in M.M.I.s was relatively more on background (ii) than on background (i). 
99 - 101 days B(m)- and over 10 months' B(m)-adapted fishes 12 and B1 
responded by lowering the M.M.I.s on either background of small and big 
figures. The melanophores in the pale fleck of fish 5r throughout 
its 44 days of B(m)-adaptation, kept responding to background (i) 
by further dispersing the melanosomes from that state arrived at after 
B(m)-adaptation. In general, the response to background (ii) was 
aggregation of the pigment and thus a decrease of the M.M.I.s in this
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part of the pattern. It, however, demonstrated some exceptions on 
days 14 and 44* when the melanosomes were rather dispersed in the 
cells of the pale fleck (Plate 4-16.0, d and 4-18.c ) to raise the 
M.M.I.s (see Tables 6 and 7 (ii)). The response of fish 12 for 
its pale fleck melanophores was, however, opposite to that of fish 5 
and the melanophores aggregated the pigment when the fish was exposed 
to background (iii) and further dispersed it on background (iv).
Fish B1 demonstrated a response identical to that of fish 5. (The 
responses of fish 12 were never expected to be similar to those of 
fishes 5 and Bl, because .of its exposure to entirely different back­
grounds i.e., 1 .0 and 0.1 cm. squares).
In general, the trends of responses of the B(m)-adapting fish 5,
99 - 101 days B(m)- fish 12 and the over 10 months B(m)-adapted fish Bl 
to trial backgrounds were consistent with those of the untreated 
fishes. B(m)-adaptation raised the M.M.I.s in all the fishes from 
those which they had on the mottled background tank and the fishes 
generally responded by lowering the M.M.I.s in both areas of the dark 
patch and in the surrounding area of pale patches on both the back­
grounds (Plates 4-I5 to 4-18). The general response of the melano­
phores in the pale flecks of fishes 5 and Bl to backgrounds (i) and
(ii) and of fish 12 to backgrounds (iii) and (iv) agree with the 
responses of the melanophores in similar patches of the untreated 
fishes exposed to similar backgrounds. The exceptions:observed in the 
course of ! B(m)-adaptation in the different pattern-units of fish 5 
(e.g., a significant fall of M.M.I.s on 13th. day of B(m)-adaptation 
and a rise on 21st. day, and the deviations in the general response of 
this fish to backgrounds (i) and (ii) as described ea^ '^Her, on days 14 & 
44; can be possibly attributed to the physiological changes 
involving elimination of paling hormone and the increase of darkening 
hormone which this fish was undergoing during its B(m)-adaptation.
The M.M. I. values of the light and the dark areas of the dark 
patch melanophores showed a gradual increase with the increase in 
length of B(m)-adaptation of fish 5» when subjected to the two stim­
ulating patterned backgrounds. The total increase in M.M.I. value 
in the melanophores of the dark area of the dark patch on the 43rd. 
day of B(m)-adaptation was 1.13 more than it was on the 7th. day in 
response to background (ii). Similarly, the increase in B(m)- 
adaptation resulted in an increase of 1.06 and O .58 in M.M.I.s of the
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TABLE 7. M.M.I. values of B(m)-adapting fishes while responding to the 
patterned backgrounds after varying length of B(m)-adaptation. 
'7(i) shows the response of the melanophores in different 
pattern-units to a background of black spots on white I/I6 1-^ 
or to 1.0 cm. squares. 7(ii) shows the response of the same 
melanophores to a background of black spots on white 1 1-^  or 
to 0.1 cm. squares. 7(üi) shows the magnitude of responses 
of the melanophores towards these patterned backgrounds and so 
indicates the responsive accuracy of the fish at any stage of 
adaptation. _______
Pish
No.
Length
of
B(tn)-
adapt­
ation.
Nature 
of the 
test 
back­
ground.
Melanophores of the 
pale patch.
Pale fleck 
M.M.I.
Surrounding 
area M.M.I.
Melanophores of the 
dark patch.
Light area 
M.M.I.
Dark area 
M.M.I.
(i) 5 7 days
5 13 "
5 21 "
5 43 ”
12 99 "
Bl over 10 
months
1 /1 6 1
1.0 cm. squares,
2.21 (+0.03)  
2.67 (+1.45)
2.39 (+0.71)
1.64 (+0 . 26)
1.98 ( -0 .7 4 )  
2.87 (+0.04)
1.59
1.97
2.17
2.28
3.32
2.99
-1 .2 3 )
+0.07)
-0 .8 5 )
-0 .5 2 )
-0 .7 8 )
- 0 . 06)
1.26
2.01.
2.07 
2.32 
2.58
3.08
— 1.66 
-0.77  
-1 .8 7  
- 0.74  
-0 .4 8
-0 .4 7
1.99  
2.79
2.99
3.12
2.78
3.61
-1.47)
-0 .5 1 )  
-1 .3 1 )  
—0.68) 
-O .4 )
-0 .0 9 )
(ii)
5
5
5
5
12
Bl
14 "
22 "
44 " 
101 "
over 10 
months.
If If 
If It 
II II
0.1 cm. 
squares.
II
1.65 ( -0 .5 3 )  
1.36 (+0.14)
1.19 ( -0 .4 9 )  
1.39 (+0.01)  
3.42 (+0.7 )
2.03 ( - 0 .8  j
2.45
2.41
1.64
2.51
3.92
-0 .3 7 )  
-0 .5 1 )  
- 1 .38)  
-0 .2 9 )  
-0.18)
2.41
2.48
2.84
2.99
2.88
-0 .5 1
-O.3
- 1.1
-0 .0 7
- 0.18
3.00  
3.26
3.56
3.87
3.00
—0.46)  
-0 .0 4 )  
-0 .7 4 )  
+0.07) 
-0 .1 8 )
2.28 ( -0 .7 7 ) 2.7 ( -0 .8 5 ) 3.27 ( -0 .4 3 )
0-ii)
5 7& 8
5 13 & 14
5 21 & 22
5 43 & 44
12 99 &
101
Bl over 10 
months.
0)w
c
&
H-i H 
O H
(D (U
B S’4-* di•H
fO w 
S ^
- 0.56
- 1.31
-  1.2
-  0.25
+ 1.44
-  0.84
+ 0.86 
+ 0.44
-  0.53  
+ 0.23  
+ 0.6
- 0.71
+ 1.15  
+ 0.47  
+ 0.77  
+ 0.67  
+ 0 .3
-  0.38
+ 1.01 
+ 0.47  
+ 0.57  
+ 0.75  
+ 0.22
— 0.34
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light area of the dark patch in response to background (i) and (ii)
respectively (see Table 7 (i) and (ii)). The M.M.I.s obtained under
the influence of background (i) increased with the increase in the 
B(m)-adaptation in the surrounding area of the pale patch and the 
total' increase recorded on day 43 was 0.69 more than the M.M.I on 
day 7. Pish 5 showed a decrease of 0.81 from M.M.I. 2.45 on day 8 
to 1.64 on day 22 in response to background (ii), but raised it by 
0.87 from 1.64 to 2.5I during days 22 - 44. The changes in the M.M.I. 
values of the melanophores of the pale flecks had been quite inconsist­
ent, but were always higher on background (i) and lower in response to 
background (ii) (see Table 7 (i) and (ii) and Plates 4-15 to 4-18).
4.2.3.2.3.2.2 Effect of length of E(m)-adaptation on magnitude of 
response to the two backgrounds of circular spots.
The extent of responsiveness of fish 5 to the two backgrounds 
was on the whole maximum on the 7 - 8th. days of B(m)-adaptation 
in the representative pattern-units (see Table 7 (ii )). A still 
longer B(m)-adaptation (day I3) caused this magnitude to fall to 
nearly half its value on days 7 - 8 in all the representative units 
other than the pale fleck, in which it became intensified to more than 
double ( 0.56 - 1.31= 0.75) (Table 7 (iii). The decrease amounted
to 0.53, 0.68 and O .42 in the dark area, light area of the dark patch
and the surrounding area of the pale patch respectively. Still 
longer B(m)-adaptation (21 days) generally increased the magnitude 
in all excepting the pale fleck, where it became somewhat reduced 
from the magnitude observed on days 13 — 14, and in the surrounding 
area melanophores, in which the response was reversed.
43 days B(m)-adaptation affected the magnitude of responses of the 
fish to the two patterned backgrounds greatly, and as a result, it 
further increased in the melanophores of the dark area of the dark 
patch; it slightly decreased in the light area of the dark patch; 
it became further reduced to almost half that.of the 13 - 14 days 
in the melanophores of the surrounding area of the pale patch and 
the response reversed in direction from that on days 22 -23 and was 
considerably reduced in the melanophores of the pale fleck (see Table
7 (iii)).'
In fish 12, 99 - 101 days of B(m)-adaptation caused a low magnitude 
of response to the backgrounds with squares in the two areas of the
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dark patch and a comparatively higher magnitude in the two components 
of the pale patch. In the pale fleck, however, the response was in 
the opposite direction as well (see Table 7 (iii)).
Still longer B(m)-adaptation resulted in the reversal of response 
in fish Bl excepting the pale fleck, but it exhibited the same trend 
shown by fish 12 i.e., lesser magnitude values in either areas of the 
dark patch and lesser intensity of magnitude in the two components 
of the pale patch.
These results indicate that the neurally controlled ability of 
the fish to 'match' the pattern of the background is greatly affected 
because of B(m)-adaptation, presumably through an increase in the 
amount of the darkening hormone (and/or a decrease of the paling hormone). 
This ability is generally reduced in all but the dark patch melanophores.
4*2.4 Background reversals.
After 101 days of W(m)-adaptation fishes 14 and 15 were transferred 
into a black container and the B(m)-adapted fishes 12 and 13 into a 
white container to study the sequence of their B(w)- and W(b)- 
adaptations and the effects of the new backgrounds on the neurally 
controlled chromatic responses of these fishes now with a known back­
ground history.
4 .2.4.1 Adaptation of the W(m)-adapted fish to a black background 
after background reversal.
4 .2.4.1*1 Effect of B(w)-adaptation on the integumentary pattern 
of the ,plaice.
Pishes 14 and I5 were very pale when transferred from the white 
container to the black but they acquired a greyish colour after only 
2 “3 days of B(w )-adaptation. They were periodically checked for the 
reappearance of the pigment in sufficient quantities to recognise the 
basic pattern and it was observed that the small amount of pigment 
present was almost maximally dispersed in the melanophores of all the - 
units of the pattern. Pish I4 was occasionally tried on the two 
backgrounds of squares to which the melanophores with little pigment 
remained unaffected. No photographs were taken because of insufficient
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raelanization of its melanophores. A reasonable amount of melanin 
and easily detectable differential responses to the two backgrounds 
of squares were reached after 18 days exposure to black.
After 18 days of B(w)-adaptation fishes 14 and 15 showed clear 
signs of darkening (Plate 4-19.a). In fish 14 the dark patches became 
evident and were brownish in colour in the beginning without any 
signs of the light areas in them. The white spots were slightly more 
pronounced. Traces of the pale patches showed through the rest of 
the pattern-which, on the whole, appeared greyish brown. The fins 
also showed the emergence- of pattern on them.
During 18 - 27 days of B(w)~adaptation the fish showed more signs 
of melanization, but the reconstruction of the basic pattern was 
still not achieved. The dark patches remained solid and the light 
areas in them were hardly distinguishable macroscopically.
The basic pattern was mostly reconstructed during 27 - 36 days of 
B(w )-adaptation in fish 14 (Plate 4-19.b). The solid dark patches
were broken up by the prominence of the light areas in them. The 
pale flecks and the white spots became prominent, but their boundaries 
remained indistinguishable from the surrounding areas of the pale 
patches. The small black dots became evident in the general ground 
and were widely distributed in the pattern after 58 - 59 days of 
B(w)-adaptation (Plate 4-19»c). The boundaries of the pale flecks 
and the white' spots gradually became clearer by the spreading of the . 
black dots in the surrounding areas. Fish I4 became well adapted to 
black during 59 - 85 days (Plate 4-19*d). No more changes occurred 
during 85 - IO8 days as far as the basic pattern was concerned.
■ On the other hand, fish I5 had been somewhat slower during its 
B(w)-adaptation. It required more time to acquire its pattern, 
but in principle, followed the same lines of pattern reconstruction as 
demonstrated by fish 14*
The characteristic feature of B(w)-adaptation was that the fishes 
never went uniformly dark even after 108 days exposure to black.
They retained a very contrasting pattern with very prominent pale 
patches around the pale flecks and the white spots. In this respect 
B(w)-adaptation differed from B(m)-adaptation during which fishes 
5, 12, 13 and Bl achieved almost uniformly dark patterns only after 
about 40 days of B(m)-adaptation (cf. Plates 4-9*c with 4-20).
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4*2.4.1.2 Microscopic changes in the pattern of the plaice during 
B(w)-adaptation.
Table 8 demonstrates the events which occurred at cellular levels 
and finally determined the contrasting pattern in fish I4. After 
the reversal of the backgrounds, melanophores in all the represent­
ative pattern-units of fish I4 were observed to have maximally dispersed 
whatever small amounts of melanosomes they had within 4 - 5  hours of 
B(w )—adaptation. It was for this reason that the fish looked greyish 
in colour after 2 - 3  days of B(w)-adaptation, during which it 
synthesized some more melanin. Melanization of the skin continued 
and at the l8th. day of B(w)-adaptation the melanophores were suffic­
iently laden with melanin for photomicrographic recordings. On that 
day the M.M.I.s in all the representative areas were fairly high because 
of .almost maximal dispersion of the pigment in the two areas of the 
dark patch and comparatively less in the pale fleck and the surrounding 
area in the pale patch (Plate 4-21.a, b).
During I8 - 27 days of B(w)-adaptation the melanosomal dispersion 
and the M.M.I.s remained unaltered in both areas of the dark patch 
but their aggregation in the cells of the pale fleck and the surround­
ing area in the pale patch (Plate 4-21.c and d) lowered the M.M.I.s 
by 0.71 and O .48 respectively. This was consistent with the 
corresponding changes in the general pattern of this fish observed 
macroscopically (see section 4.2.4.1*1)*
During 27 - 36 days of B(w)-adaptation there was a further fall 
in M.M.I.s in the two areas of the pale patch, which resulted in an 
indistinct boundary between the prominently evident pale fleck and 
the surrounding area. This decrese was 1.36 and 0.88 of the M.M.I. 
scale respectively (Table 8). This decrease accounted for the establi­
shment of the basic pattern and the showing of the light areas in 
the dark patches.
A further rise in M.M.I.s in the representative areas during 
36 - 46 days of B(w)-adaptation amounted to 0.44, O.84, 0.8 and 0.34 
in the pale fleck, the surrounding area in the pale patch and the 
light and the dark areas in the dark patch respectively (Table 8,
Plate 4-22.a and b).•
There was a slight increase in the pigment dispersion during 
46 - 59 days of B(w)-adaptation and as a result the M.M.I. values . 
increased further by 0.1, O.O4 , O.O5 and O.I5 ir. the pale patch.
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TABLE 8. M.M.I. values of the melanophores in the representative 
pattern-units of the B(w)-adapting fishes 14 and 15 on 
different days of adaptation. Calculated from 50 cells.
Fish
No.
Length of 
B(w )-
adaptation.
Melanophores of the 
pale patch.
Melanophores of the 
dark pktch.
Pale fleck 
M.M.I.
Surrounding 
area M.M.I,
Light area 
M.M.I.
Dark area 
M.M.I.
14 & 15 0 days 1.00 1.00 1.00 1.00
14 18 " 3.1 3.46 4 .5 4.54
14 27 ” 2.62 2.75 4 .5 4.54
14 36 " 1.26 2.1 3.14 3* 66
14 46 " 1 .7 2.94 3.94 4.00
14 59 " 1 .8 2.98 3.99 4.15
14 85 " 1.86 . 3.04 2.66 2.94
15 94 ” • 1.72 2.42 3.14 4.66
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•the surrounding area of the pale patch and the light and dark areas in 
the dark patch respectively (Table 8).
A further rise in the M.M.I.s in the two areas of the pale patch 
during — 85 days indicated a trend towards an overall darkening 
of the pattern in the 85 days B(w)-adapted fish I4 (Plate 4-22.0 and d), 
but this increase was not enough to affect the-contrast of the pattern. 
There was, however, a fall in the M.M.I.s of the light and the dark 
areas of the dark patch, which also helped in maintaining the contrast 
in the pattern.
Fish 15 remained slightly slower during B(w)-adaptation but the 
changes in the pattern of this fish were similar to those of fish 14.
On the 95th. day of B(w)—adaptation it had acquired almost the same 
depth of - colour and the same type of basic pattern as fish I4 (Plate 4- 
39 a ). The melanophore-indie es of the representative areas in 
fish 15 (Table 8) indicated the same fundamental contrasting pattern 
of B(w)-adaptation. The only difference appeared to be slightly more 
spread out pale patches in fish I5 than in fish I4.
There occurred a considerable increase in the pigment amount 
after about 36 days of B(w)-adaptation in both the fishes and, as a 
result, the melanophores in all the pattern-units and in the fins 
appeared to be fully loaded with pigment granules. In the dorsal fin 
about 8^ of the melanophores observed appeared to have burst presumably 
due to excessive melanin-storage (see Plate 4-23). Aggregates of 
melanin in Plate 4-23.c appeared to be the lysate, which presumably 
left the melanophores after their bursting or through lysis.
There was no noticeable increase in the number of the epidermal 
melanophores in these fishes after 108 days of B(w)-adaptation, while 
the over 10 months' black adapted fish Bl did show their abundance 
in most pattern-units.
4*2.4.1 .3 Effect of length of B(w)-adaptation on the neurally
controlled chromatic responses of the plaice to different 
backgrounds. '
4.2.4.1.3.1 Observations of the changes in the entire pattern.
18th. day of B(w)-adaptation:- Indistinct pale flecks, slightly 
pronounced white spots and unbroken dark patches were the only signs 
of the basic pattern which could emerge on the greyish-brown skin of
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fish 14 (Plate 4-19.a).
When the fish was subjected to background (iii) with squares of
1.0 cm. sides, the dark patches of the pattern appeared to be broken 
up into dark and light areas, and faded considerably during 1 - 2  
hours of subjection to this background. The pale flecks and the white 
spots became very evident but well spread out (Plate 4-24.a). Back­
ground (iv) of squares of 0.1 cm. sides caused the dark patches to . 
fade slightly, but they remained much darker than on background (iii). 
There were no indications of the light areas in the dark patches, 
which thus remained unbroken. The pale flecks and the white dots 
remained unclear and the small black dots became evident in the pale 
patches (Plate 4-24.b). The fins of the fish also responded well by 
a paling of some areas on background (iii) and their darkening on (iv).
27th. day of B(w)-adaptation:- Very dark and solid dark patches 
and slightly more pronounced pale flecks and the white spots were the 
characteristics on the 27th. day of B(w)-adaptation of fish I4.
Unlike the previous recordings on day 18 of B(w)-adaptation, fish 
14 appeared to have reversed responses of its dark patches to the two 
sizes of the square, which remained more evident and solid on back­
ground (iii) (Plate 4-25.a) than on (iv) (Plate 4-25.b). The pale 
flecks and the white dots, however, remained more pronounced and 
better delimited by their boundaries on background (iii). The 
small black dots were slightly more evident on background (iv) than 
on (iii). The fins maintained their response of,the l8th. day of 
B(w )-adaptation.
• 36th. day of B(w)-adaptation:- A^good.contrast in the fish 14 
had.been achieved by the 36th. day of adaptation. The dark patches 
were much darker than before and they demonstrated the light areas 
through them. The pale flecks and the white spots remained quite 
evident and well spread out (Plate 4-^9.b).
The trend of response to the two backgrounds was more or less 
the one previously observed on 27th. - 28th. days of adaptation. The
dark patches faded on both the back^ounds but they remained more evi- • 
dent on (iii) than on background (iv). The fins retained their 
differential response.
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46th. day of B(w)-adaptation:- There were no further adaptive 
changes in the pattern of the fish excepting that the contrast in the 
dark and the pale areas of the pattern became greater.
The trend in the adaptive responses towards both backgrounds, as 
was recorded on 27 - 28th. days and 36 - 37th. days of B(w)-adaptation, 
became better established. The pale areas of the pale zone appeared 
darker on background (iv) and paler on (iii) and the less evident 
pale patches and the white spots were reduced in size on (iv) and 
were very evident and well spread out on (iii). The fins demonstrated 
the differential response as observed before.
59th. day of B(w)-adaptation:- A further darkening of the darker 
areas of- the pattern resulting from the quantitative colour change and 
the resultant better contrast in the pattern (Plate 4-19»c) were the 
characteristic features of this long B(w)-adaptation.
The trend in responses towards the two backgrounds as observed 
since day 27 of B(w)-adaptation remained unaltered. The dark patches 
remained well marked on (iii) and less evident on background (iv)
(Plate 4-26 ),.
83th. day of B(w)-adap.tation:- There appeared to be more contrast 
in the pattern. The pale flecks and the white spots had distinguish­
able boundaries. There were well spread out black dots in the general 
ground of the pattern (Plate 4-19»&)'
Fish 4 maintained the trend of its responses towards the two back­
grounds and retained more evident dark patches with very slight traces 
of the light areas in them on background (iii) of bigger squares and 
dark patches which were less evident and broken up on background (iv). 
The fins maintained their general response to the backgrounds.
92nd. day of B(w)-adaptation;- Fish I4 appeared slightly darker 
as a whole but the contrast in the pattern was still very great.
The pale flecks and the white spots were very evident.
The trend of response remained unchanged (see Plate 4-27* a and b), 
but it appeared to be less intensive as recorded earlier. The pale 
flecks and the white spots were not so much spread out on background 
(iii) as in the earlier recordings. The differential responses of the 
dark and the light areas of the fins remained unchanged.
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. 94th.-day of E(w)-adapta-bion;- Fish I5 was observed after this long 
B(w)-adaptation and was found to-have a strikingly similar pattern 
to that of fish I4. The only macroscopic differences observed were
(i) the medial pale area of fish I5 was darker than that of fish I4 , and
(ii) the dark patches were not so much broken up in fish I3.
Fish 15 copied the differential responses of fish 14 to the two 
trial backgrounds, which fish I4 had maintained from the 27th. day 
of B(w)-adaptation onwards. However, in fish I5 the dark patches 
remained much more prominent on background (iii). The fins of this 
fish also responded to the two backgrounds in a similar manner to the 
fins of fish I4 .
108th. day of B(w)-adaptation:- Fish I4 demonstrated slightly more 
darkening of the pattern as a whole but the pale flecks and white spots 
remained well distinct. The contrast in the dark and pale areas was 
great.
There was a noticeable reversal in the response of the dark patches 
to the two backgrounds. They faded and became indistinct within an 
hour of exposure to background (iii), unlike their behaviour on the 
previous occasions from day 27 onwards. The response of the pale 
flecks and the white spots towards the two backgrounds, however, 
remained unchanged. There was no difference in the trend of differ­
ential responses of this fish towards background (iv) and the adaptive 
responses of all the units of the pattern remained consistent with their 
previous behaviour after day 27. The fins maintained their different­
ial responses as usual.
4.2.4«1*3*2 Observations of the chromatic changes at the melanophore 
level.
4 .2.4 .1.3.2.1 Neurally controlled responses during B(w)-adaptation.
B(w)-adaptation during days 0-18 resulted in some decrease of 
M.M.I. values of the representative pattern-units from the almost 
maximal state of dispersion observed within few hours of background 
reversal (i.e., from W(m) to black ). The fish indicated higher 
M.M.I.s in the light and the dark areas of the dark patch and compar­
atively lower in the pale fleck and the surrounding area in the pale 
patch (see Table 8). From day I8 onwards, fish I4 (and fish 15,
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TABLE 9. M.M.I values of the B(w)-adapting fishes while responding
to the patterned backgrounds after varying length of adapta- 
' tion. 9(i) shows the responses of the melanophores in
different pattern-units to a background of black and white 
checkerboards with 1.0 cm. squares. 9(ü) shows the response 
of the same melanophores to a background of black and white 
checkerboards of 0.1 cm. squares. 9(iü) shows the magnitude 
of responses of these melanophores towards these patterned 
backgrounds and so indicates the responsive accuracy of the 
fish at any stage of adaptation.
Fish
No.
Length 
of B(w )* 
adapt­
ation, 
(days)
Nature 
of the 
test 
back­
ground.
Melanophores of the 
pale patch.
Pale fleck 
M.M.I.
Surrounding 
area M.M.I.
Melanophores of the 
dark patch.
Light area 
M.M.I.
Bark area 
M.M.I.
(i)
14 18
14 27
14 38
14 46
14 59
14 85
14 92
15 94
14 108
1.0 cm. 
squares. 2.28 (-0.82)
2.24 (-0.38)
1.12 (-0 .14) 
1.1 (-0.6 )
1.36 (-0.44)
1.24 (-0 .62)
1.06
1.14 (+0.58)
1.16
2.94 (-0.52)
3.1 (+0.35) 
1.96 (-0 .14)
2.1 (-0.84) 
2.68 (-0 .3 )
2.66 (-0.38)
2.06
1.46 (-0.96) 
1.54
2.98 (-1.52)
4.24  (-0.26) 
2.92 (-0 .22)
3.66 (-0.72)
3.7  (-0.29)
3.12 (+0.46)
3.00
2.86 (-0.28) 
1.84 ( )
3.00 (-1.54)
4.38 (-0.16) 
2.92 (-0.74)
3.66 (-0.34)
4.12 (-0.03) 
3.52 (+0 .58)
4.16 .
4.38 (-0.28) 
1.8
(ii)
14 19
14 28
14 39
14 47
14 60
14 86
14 93
15 95
14 108
0.1 cm. 
squares, 4 .04 (+0.94)
3.04 (+0.42) 
1.18 (+0.08)
2.00 (+0 .3 )
2.28 (+0.48)
1.24 (-0.62)
1.26
1.08 (-0.64) 
1.6
4.26 (+0.8
3.26 (+0.51
2.16 (+0.06) 
4.42 (+1.48)
4.36 (+1.38)
2.74 (-0 .3 )
3.1
2.74 (+0.34) 
2.13
4.12 (-0.38) 
3.64 (-0.86) 
1.88 (-1.26)
3.02 (-0 .92)
3.16 (-0.83)
2.08 (-0.58) 
2.88
1.12 (-2.02)
2.06
4.12 (-0.42
3 .6  (-0.92  
1 .9 (-1.76)
3.36 (-0.64)
3.74 (-0.41)
3.08 (+0.14)
3.3
1.72 (-2.94) 
2.32 .
(m)
14
14
14
14
14
14
14
15 
14
I8 &I9 
27&28 
36&37 
46&47 
59 &60 
85 &86 
92&93
94&95
108
 ^g
S ra
“ H
I'i
m m 
a CQ
(D
§O
II A  m 02 0) 
CD A
CÜ 44
B o
02 (D
I•HI
- 1.76  
0.8 
0.06 
0.9
0.92  
0 
0.2
0.06
0.44
- 1.32
— 0.16 
—  0.2
- 2.32
— 1.68 
- 0.08
— 1.04
+ 1.28
- 0.59
- 1.14  
+ 0.6 
+ 1.04
+ 0.64
+ 0.54  
+ 1.04
—  0.12
-.1.74  
-  0.22
1.12
0.78
1.02
0.6
0.38
0.44
0.86
2.66
0.52
Note. Figures in brackets show the ’trend in the response’of the 
melanophores of the representative pattern-units (see 
page 116). + means further dispersion of melanosomes, and 
- means their aggregation.
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whenever observed) varied the M.M.I.s differently in the represent­
ative pattern—units, with the length of stay on the black background. 
Whenever the B(w)-adapting fish was subjected to the patterned back­
grounds (iii) or (iv), the fish generally responded to background
(iii) by concentrating its melanosomes in all the representative 
pattern-units and so reduced the M.M.I. values, and to background (iv) 
by concentrating them in the melanophores of the light and dark areas 
of the dark patch which reduced M.M.I.s and by dispersing them further 
in the cells of the pale fleck and the surrounding area of the pale 
patch and so raising the M.M.I. values (see Table 9 (i) and (ii) ,
Plates 4-28 to 4-3l). There were some exceptions, which are difficult 
to interpret except by presuming that those variations were brought 
about by the physiological changes occurred during B(w)-adaptations 
and were the product of the hormonal influence on the nervous components. 
The notable exceptions included the lowering of M.M.I. in the pale 
flecks on days 86 (fish 14) and 95 (by fish I5) on background (iv); 
an increase on day 27 on background (iii) and a decrease on day 86 on 
background (iv) in the surrounding area melanophores of the pale 
patch in fish 14; an increase on background (iii) on day 85 in the 
light area of the dark patch in fish I4 and an increase and a decrease 
on days 85 and 86 on backgrounds (iii) and (iv) respectively in the 
dark area of the dark patch of fish 14»
In general the M.M.I.s of the two components of the pale patch 
remained higher when the B(w )—adapting fish 14 was subjected to back­
ground (iv) and they were less in response to background (iii). This 
accounts for the variation in size of the pale flecks and white spots 
and the contrast in the pattern in B(w)-adapting fishes. The M.M.I. 
values in the light and the dark areas of the dark patch, on the other 
hand, remained higher on background (iii) and lower on (iv). This 
explains the retention of the dark patches on background (iii) and 
their breaking up into light and dark areas on background (iv). The 
only exception to this general observation was the response of fish I4 
on days I9 (Plate 4-28.0 and d) and 108 in the two areas of its dark 
patch (see Plate 4-31.b and d) which demonstrated higher M.M.I.s 
in response to background (iv) and lower on background (iii)(see Table 
9 (i) and (ii)).
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4.2.4'. 1» 3» 2. 2 Effect of length of B(w)-adaptation on magnitude of
response to the two patterned backgrounds of squares.
The trend of adaptive responses of. the B(w)-adapting fish on 
the 19th. - 21st. days and on the 108th. day was opposite to that obser­
ved during the rest of the period of this black adaptation. The 
magnitude of response in all the representative units remained very high 
on 19-21 days of B(w)-adaptation and then fluctuated differently 
in various pattern units. The responsive magnitude of the melanophores 
in the pale patch was the least on days 85 - 86 (i.e., O), very low 
(O.O6) on days 36 -37, quite high on days 46 - 47 and 59 - 60 and the 
maximum (I.76) during days 19 - 21 (see Table 9 (iii)). The melano­
phores of the surrounding area of the pale patch had the least magni­
tude value (0.08) during days 85 - 86 and the highest (2.32) during 
days 46 - 47» This value varied considerably during other days of 
observations. The least magnitude (0.12) in the melanophores of the 
light area in the dark patch was observed during days 92 - 93, 
fairly high (I.04 and I.04) during days 36 -37 and 85 - 86 and the 
maximum of I.I4 on days 19 - 21. The melanophores in the dark areas of 
the dark patch responded well to both the backgrounds and their magni­
tude of response had been quite high during the duration of B(w )- 
adaptation. The least value (0.38) was indicated during days 59 - 60 
and the maximum of 1.12 during days I9 - 21. Fish I5 showed the 
magnitude values of 0.06, 1.28, 1.74 and 2.66 for the pale fleck, 
surrounding area of the pale patch, light and dark areas of the dark 
patch respectively during days 94 - 95 of B(w)-adaptation, which on 
the whole are high enough to indicate a good degree of visual discrim­
ination of this fish like its counterpart fish I4.
4.2.4 .2 Adaptation of the B(m)-adapted fish to a white background.
Fishes 12 and 13 were continuously retained in a black container 
for a period of 101 days. Fish 12 was tested after its 101 days of 
B(m)-adaptation for its neurally controlled responses towards the test 
backgrounds of squares of 1.0 (background (iii)) and 0.1 (background
(iv)) cm. sides. These responses were recorded for future reference,
as usual.
Fishes 12 and 13 were then transferred to a white container and
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were retained for a period of another 105 days to observe their W(h)- 
adaptation and the effect of this adaptation on their nervously 
initiated and controlled chromatic responses* These observations 
were made on fish 12 which completely stopped responding to any of the 
test backgrounds within 12 days of W(b)-adaptation. Pish 13, on the 
other hand, strangely retained its responses towards the patterned back­
grounds. The chromatic activities of this fish appeared to be ab­
normal, because all the 100 days B(m)-adapted fishes, studied later,' 
strictly followed the responses of fish 12 when transferred to a white 
background for W(b)-adaptation. The chromatic reactions of fish 13 
were recorded as usual and the results seemed, in principle, to be 
similar to those of fish 12 but it took fish 13 a much longer period. 
W(b)-adaptation of fish 13 and its effect on the neurally controlled 
responses of fish 13 have been briefly described in the following text.
4.2.4 .2.1 Effect of W(b)-adaptation on the integumentary pattern of 
the plaice. ,
Both these fishes (l2 and 13) were observed to have gone pale within 
6-8 hours of transfer but retained their complete basic pattern. The 
first signs of any meaningful change in the basic pattern were not seen 
before 4 days of M (b)-adaptation. This change was the general fading 
of. the pattern as a whole, as a result of which the dark and the pale, 
patches could be easily differentiated. Complete fading of the pattern 
took another 9 days to accomplish in fish 12, whereas this was never 
reached in fish 13 even after 108 days of W(b)-adaptation (Plate 4-32).
Fish 12 demonstrated big slow paling bands along its margins (Plate 
4-34*a). These bands gradually faded and submerged into the paler 
ground after 13 days of W(b)-adaptation. It took fish 12 comparatively 
longer (59-60 days) to reach a maximal paling state, because it had, 
apparently, to get rid of the enormous amount of melanin deposited 
during B(m)-adaptation, presumably through lysis (Plate 4-33). How­
ever, depigmentation was observed to have initiated after a shorter 
time (12 days) on W(b) as compared to the W(m)-adapting fishes in which 
these signs appeared after 16-1? days of white adaptation
Fish 13 showed a gradual increased paling after about 38 days of 
W(b)-adaptation, which was interrupted by slight darkening of the 
integument during days 27 — 37. During 38 — 49 days of adaptation,
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this fish showed more evident signs of paling and this continued up 
to 108 days of W(h)-adaptation (Plate 4-32).
4 .2.4 .2.2  Microscopic changes in the pattern of the plaice during 
W(h)-adaptation.
Table 10 demonstates the sequence of changes in the pigment disper­
sion of the melanophores in each representative area of the pattern 
in fish 12 and 13 during their W(b)-adaptation. Fish 12 concentrated 
the pigment within a few hours (6-8 hours) of transfer from B(m) to W(b) 
and maintained a varying degree of their concentration in the melano­
phores. of different representative pattern units for 12 days of W(b)- 
adaptation (Plate 4-33). The melanophores of the pale fleck were, 
however, an exception and they dispersed their pigment following the
transfer of the fish from B(m) to W(b) and maintained that for about 1-
2 days, after which, the M.M.I. in this pattern unit fell to 1.16 on 
the 12th. day of W(b)-adaptation. Maximal concentration of the melano­
somes and M.M.I. value 1.0 was reached within I5 days of W(b)-adaptat- 
iqn.
Fish 13, on the other hand, took about 100 days to reach that evel
of W(b)-adaptation, which fish 12 showed after only 12 days. Fish 13 '
lowered the M.M.I.s of the representative pattern units during its 
first 27 days of ¥(b)-adaptation and appeared paler than on day 0 
of W(b)-adaptation. During 27th. to 37th. day of adaptation, fish 13 
showed an intensive rise of M.M.I.s in all its representative pattern 
units (see Table lO). As a result, the fish appeared quite dark on 
a background which would be expected to cause paling. This was later 
followed by a gradual pigment-aggregation, resulting in the paling of 
the integument.
The study of micrographs revealed that a considerable depigmentation 
of the melanophores began after only 12 days of W(b)-adaptation in fish 
12,which did not involve any actual degeneration of the melanophores 
as claimed by Kuntz ( I917 ), but simply that they lost their dark 
phase and were no longer visible. The excessive melanin probably 
left the cells through lysis.
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TABLE 10. M.M.I. values of the melanophores.in the representative
pattern-units of the W(1d)-adapting fishes 12 and 13 on 
different days of W(h)—adaptation. (The chromatic responses 
of the abnormal fish 13 have been included to show that the 
overall behaviour of this fish follows that of fish 12 but 
develops much more slowly.
Fish
No.
Length of
W (by­
Melanophores of the 
pale patch.
Melanophores of the 
dark patch.
adaptation. Pale fleck 
M.M.I.
Surrounding 
area M.M.I.
Light area 
M.M.I.
Dark area 
M.M.I
12 0 days. 2.72 4.1 3.06 3.18
12 12 " 1.16 1.24 1.1 1.24
13 13 " ■ 2.68 2.62 2.88 3.4
13 27 " 2.32 2.00 2.34 2.72
13 .37 " 2.54 2.54 3.22 3.38
13 49 ” 1.16 1.6 1.78 2.3
13 56 " 1.44 1.6 1.56 1.6
13 69 " 1.1 1.5 1.44 1.56
13 95 " 1.00 1.4 1.28 1.38
13 102 " 1.00 1.25 1.14 1.24
12 104 " 1.00 . 1.00 1.00 1.00
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4. 2.4»,2. 3 Effect of length of W(b)-adaptation on the neurally
controlled chromatic responses of the plaice on adapt­
ations to patterned backgrounds.
4.2.4 .2.3.1 Observations on the changes in the entire pattern.
0 day of W(b)-adaptation:- Both fish 12 and 13 were almost uniform­
ly dark. The dark patches were slightly visible and the pale patches 
hardly visible. The pectoral spot was, however, prominent (Plate
4—34.3-). '
Pish 12, in general, paled considerably when subjected to the 
patterned backgrounds of squares. The dark patches became prominent 
on big-squares (background iii) and were completely broken up into 
smaller dark and light areas in response to background (iv) (Plate 
4-35). Less evidnet but well delimited pale flecks and the white 
spots were characteristic of the integumentary pattern on background
(iii) and very prominent and slightly spread out on background (iv) 
(Plate 3-35). The fins responded to background (iii) by having dark 
areas in the pattern on them and faded them on background (iv).
12th. day of W(b)-adaptation:- The fish had gone very pale during 
days 0 - 12. The general pattern was difficult to trace excepting 
the pale flecks and the white spots which were still easily differ­
entiable in the faded ground (Plate 4-34.b)
When subjected to either of the two backgrounds of squares for 
recording the neurally controlled pattern changes, fish 12 remained 
unaffected by either background (Plate 4-36).
Pish 12 was retained on the white background for a period of 
105 days and was occasionally subjected to the trial backgrounds but 
never responded to either background during this period. Pish 13 
was observed for its neurally controlled responses towards the backgrou­
nds with squares from the 13th. day of w(b)—adaptation onwards.
Fish 13, unlike its counterpart fish 12, maintained its responses 
towards the stimulant backgrounds for most part of its W(b)-adaptation. 
These adaptive responses included (a) the production of the dark 
patches on background (iii) and their breaking up into smaller dark 
and light areas on backgrornd (iv) and (b) the maintainance of the 
slightly less prominent but well spread out pale flecks and the white 
spots on background (iii) and their being prominent but well delimited
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on background (iv). Such a trend was shown by this fish for about 
57 days of W(b)-adaptation after which changes in the pale flecks and 
the white spots were much less cn the two backgrounds.
4 .2.4.2.3.2 Observations of the chromatic changes at the melanophore 
level.
4 .2.4 .2.3.2.1 Neurally controlled responses during W(b)-adaptation.
The B(m)-adapted fish 12 responded to the two sizes of the squares 
by concentrating its pigment in all but the pale fleck melanophores 
on day 0 of W(b)-adaptation. The M.M.I.s decreased more in the light 
and dark areas of the dark patch and the surrounding area of the pale 
patch under the influence of background (iv) than background (iii).
The melanophores in the pale fleck demonstrated an increase of M.M.I.s 
on background (iii) and a decrease on background (iv) from the values 
which they had after 100 days of B(m)-adaptation (see Tables 10 and 
11 (i) and (ii) and Plate 4-37).
This fish was subjected to the two backgrounds of squares on days 
2, 5 .a%d 9 of W(b)-adaptation for 2 hours on each and some adaptive 
changes of,very low intensity were observed, both macroscopically and 
microscopically, which decreased in intensity with increase in W(b)- 
adaptation and completely stopped on day 12 of observation. (These 
changes were, however, not recorded photographically, because of their 
low magnitude). Fish 12 failed to show any neurally controlled 
chromatic responses on day 12 of W(b)-adaptation (Plate 3-38) although 
the M.M.I.s for no representative pattern-unit had reached the value 
of 1 .0 and the melanophores in all the regions had enough melanin 
to show clear responses.
Fish 13 showed a fairly persistent response to the background (iii) 
with squares of 1.0 cm. sides throughout the entire period of W(b)- 
adaptation. This response involved the further dispersion of the mela­
nosomes in the melanophores of the two areas of the dark patch and 
those in the surrounding area of the pale patch from the state of dispe­
rsion already reached after same length of W(b)—adaptation which thus 
resulted in M.M.I. increase (the only deviation was the slight aggreg­
ation of the pigment in the cells of the surrounding area of the pale 
patch on the 37th. day of W(b)-adaptation when the fish was exposed 
to background (iii) (see Table ll)). The melanophores of the pale
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TABLE 11. M.M.I. values of the W(h)-adapting fishes while responding 
to the patterned backgrounds after varying length of 
adaptation. ll(i) shows the responses of the melanophores 
in different pattern-units to a background of black and white 
checkerboards having l.Q cm. squares, ll(ii) shows the 
responses of the same melanophores to a background of black 
and white checkerboards of 0.Î cm. squares. 11(iii) shows 
the magnitude of responses of these melanophores towards 
these patterned backgrounds and so indicates the responsive 
accuracy of the fish at any stage of adaptation.
Fish Length Nature Melanophores of the Melanophores of the
Nc>. of lAf(h> of the pale patch. dark patch.
adapt­ test
ation. back­ Pale fleck Surrounding Light area Dark area
(days) ground. M.M.I. area M.M.I. M.M.I. M.M.I.
(i) 1.0 cm.
12 . 0 squares. 1.98 (-0.74) 3.32 (-0.78) 2.58 (+0.48) 2.78 (-0 .4 )
12 12 II 1.16 ( 0 ) 1.24 ( 0 ) 1.1 ( 0 ) 1.24 ( 0 )
13 13 1» 1.6 (-1.08) 2.88 .(+0.26) 3.48 (+0.6 ) 4.22 (+0.82)
13 27 fi 1.48 (-0.84) 2.24 (+0.24) 2.68 (+0.34) 3.22 (+0.5 )
13 37 n 1.68 (-0.86) 2.34 (-0 .2 ) 3.68 (+0.46) 4.02 (+0.64)
13 49 If 1.14 (-0.02) 1.92 (+0.32) 2.5 (+0.72) 2.92 (+0.62)
13 56 ff 1.12 (-0.32) 1.82 (+0.-22) 2.22 (+0.66) 2.56 (+0 .96)
13 69 II 1.1 ( 0 ) 1 .8 (+0 .3 ) 2.14 (+0.7 ) 2.44 (+0.88)
13 95 II 1.00 ( 0 ) 1.7 (+0 .3 ) 1.88 (+0.6 ) 1.98 (+0.6 )
13 102 II 1.00 ( 0 ) 1.3 (+0.05) 1.36 (+0.22) 1.52 (+0 .3 )
12 104 1.00 ( 0 ) 1.00 ( 0 ) 1.00 •( 0 ) 1.00 ( 0 )
(ii) 0.1 cm.
12 0 squares. 3.42 (+0.7 ) 3.92 (-0.18) 2.88 (-0.18) 3.00 (-0.18)
12 12 II 1.16 ( 0 ) 1.24 ( 0 ) 1.1 ( 0 ) 1.24 ( 0 )
13 13 II 1.1 (-1.58) 3.84 (+1.22) 2.58 (-0.31) 3.64 (+0 ,24)
13 28 II 1.24 (-1.08) 2.88 (+0.88) 2.22 (-0.12) 3.04 (+0.32)
13 38 1.24 (-1.3 ) 2.86 (+0.32) 2.36 (-0.86) 3.06 (-0.32)
13 50 II 1.00 (-0.16) 1.66 (+0.06) 1.74 (-0.04) 1.72 (-0.58)
13 57 II 1.00 (-0.44) 2.54 (+0.94) 1 .8 (+0.24) 2.32 (+0.72)
13 70 II 1.00 (-0.1 ) 2.46 (+0.96) 1.74 (+0 .3 ) 2.3 (+0.74)
13 96 • II 1.00 ( 0 ) 2.08 (+0.68) 1.88 (+0.6 ) 2.08 (+0 .7 )
13 103 II 1.00 ( 0 ) 1.74 (+0.49) 1.84 (+0 .7 ) 2.00 (+0.76)
12 105 II 1.00 ( 0 ) 1.00 ( 0 ) 1.00 ( 0 ) 1.00 ( 0 )
iii)
12 0 1 II + 1.44 + 0.6 + 0 .3 + 0.22
12 12&13 CD CD 0 0 0 0
13 13
CÜ cd 
& CD + 0.5 - 1.0 4' . + 0 .9 ■ + 0.58
13 27& 28 02 CQ CQ + 0.24 • — 0.64 + 0.46 + 0 .18
13 37&38 • ^ o + 0.44 - 0.52 + 1.32 + 0 .96
13 49&50 o Ü ra + 0.14 + 0.26 + 0 .76 + 1.2
13 56&5T O M A + 0.12 - 0.72 + 0.42 + 0.24
13 69&70 rH d CM + 0.1 - 0.66 + 0 .4 + 0.14
13 95&96 o o CD 0 — 0 .38 0 - 0.1
13 103 &
103 M H -H 0 - 0.44 - 0.48 - 0.48
12 104 & s s 6)
105 s s  ^  • 0 0 0 0
Note» See foot-note on page 142,
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fleck,- on the contrary, aggregated their melanosomes and reduced the 
M.M.I, values up to the 56th. day of W(h)-adaptation and then remained 
unresponsive to background (iii) thereafter.
The melanosomes of cells in the pale flecks were always aggregated 
to lower the M.M.I.s up to the 70th. day of W(b)-adaptation under the 
influence of the background (iv) with small squares, after which, a • 
state of maximal aggregation was already reached in this pattern-unit 
due to W(b)-adaptation. The melanophores of the light area of the 
dark patch responded to the background (iv) of small squares by 
aggregating the pigment during days 13 - 50 of W(b)-adaptation and by 
dispersing it and raising M.M.I. values further from those obtained 
during days 57 - 103. The cells of the dark area of the dark patch 
responded to background (iv) by dispersing them further and by raising 
the M.M.I.s excepting days 40 -50 (see Table 11 (ii)), during which 
the M.M.I.s were lowered.
4.2.4*2.3*2.2 Effect of length of W(b)-adaptation on the magnitude
of response to the two patterned backgrounds of squares.
The magnitude of response of fish 12 was lower in intensity in 
the melanophores of the two areas of the dark patch than those in the 
two components of the pale patch on 100 - 101st. days of B(m)-adapt­
ation (i.e., 0 day of W(b)-adaptation)(see Table 11 (iii)). The 
melanophores of the pale patch showed greater differential responses 
towards the two backgrounds of squares (I.44) as compared with the 
other representative pattern-units. This magnitude was greatly 
reduced and dropped to zero in only 12 days of W(b)-adaptation in 
fish 12. The Vf(m)-adapting fish 4, on the other hand, required longer 
period of W(m)-adaptation to reach to zero magnitude in any part of 
the integumentary pattern (23 -27 days by the melanophores of the pale 
patch, 60 - 61 days by melanophores of the surrounding area in the pale 
patch, while the melanophores in both areas of the dark patch maintained 
their response to a slight extent for more than 60 days)(see Table
11 (iii)).
The ability to match the pattern of the backgrounds remained well 
marked in fish 13 for about 57 days of its W(b)-adaptation. The 
magnitude of responses then reduced at varying rates in the pattern- 
units and reached to a 0 value in melanophores of its pale fleck and 
light area of the dark patch on days 95 - 96 (Table 11 (iii)). The
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light,area melanophores,-however, regained this responsive capability 
on the 103rd. day of W(b)-adaptation.
4 .2.5 Return of the fishes to the original backgrounds of adaptation.
Pish 15 after IO8 days of B(w)-adaptation and fish 12 after IO5 
days of W(b)-adaptation were returned to backgrounds of their first 
adaptation (i.e., white in case of fish I5 and black in case of fish 12) 
and were retained on them for a period of 27 and I9 days respectively. 
The chromatic responses of these fishes were recorded as before during 
their W(wb)- and B(bw)-adaptation.
4 .2.5.1 Effect of the W(wb)-adaptation on the integumentary pattern 
of the B(w)-adapted fish on background reversal.
After the death of fish I4 on 108th. day of its B(w)-adaptation, 
its counterpart fish I5 was transferred to a white container. Both 
these fishes had shown very dark and contrasty patterns after B(w )- 
adaptation as described earlier in section 4.2.4 (see Plates 4-39.&)
Only after two days of background change did the fish I5 show 
clear paling, and by the 5"th.- day of W(wb)-adaptation had paled consid­
erably (Plate 4-39.L). The dark patches were almost completely lost 
but the pale flecks and the white spots were still distinguishable from 
the rest of the paled ground. The fish showed clear signs of actual 
melanin loss in the fins. During the next 7 days the fish had paled 
still further (Plate 4-39.c). The basic pattern was more or less lost
completely and the pale flecks and the white marginal spots were diffi­
cult to identify from the general ground. Guanin-increase was clearly 
noted in the fins. After I9 days of W(wb)-adaptation fish I5 showed 
to have paled intensively. Effects of guanine increase were more pro­
nounced. The fish had gone paler by the 27th. day of recordings.
4 .2.5.1.1 Microscopic changes in the pattern of the plaice during 
W(wb)-adaptation.
The state of melanosome-dispersion was fairly high after 108 days 
of B(w)-adaptation in most pattern-units of fish I5 (Plate 4-40.a).
A noticeable fall of M.M.I.s occurred after a very brief W(wb)- 
adaptation (5 days only) in all the representative pattern-units (see
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TABLE 12. M.M.I. values of the melanophores in the representative 
pattern-units of the W(wh)-adapting fish I5 on different 
days of adaptation.
Pish Length of Melanophores of the Melanophores of the
No. W(wh)- pale patch. dark patch.
adaptation.
Pale fleck Surrounding Light area Bark area
M.M.I. area M.M.I. M.M.I. M.M.I.
15 ■0 days 1.72 2.42 3.14 4 .66
15 5 " 1.14 1.28 1.1 1.16
15 12 1.1 1.24 1.06 1.08
15 . 19 . 1.04 1.06 1.00 1.04
15 27 1.00 1.00 1.00 1.00
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Table 12 and Plate 4-40.b) but the most affected were the melano­
phores of the dark area of the dark patch. The M.M.I.s in all the 
melanophores in fish 15 reached a minimum value during 12 - 27 days 
of W(wb)-adaptation. M.M.I, value 1.0 was reached by the melanophores 
of the light area of the dark patch during 12 - I9 days and in all the 
other areas during I9 - 27 days of W(wb)-adaptation (Table 12).
4 .2.5.1.2 Effect of length of W(wb)-adaptation on the neurally
controlled chromatic responses of the plaice to patterned 
backgrounds.
4 .2.5.1.2.1 Observations of the changes in the entire pattern.
0 day (95th. day of B(w)-adaptation) of W(wb)-adaptation;- The pattern- 
structure of the 94 days B(w)-adapted fish I5  and its chromatic respon­
ses towards the patterned backgrounds of squares of 1 .0 and 0 .1 cm. 
sides have been described earlier on page I4I . This recording has 
been considered as that of day 0 of W(wb)-adaptation with the assumption 
that not much change would have occurred from days 94 -  95 to day IO8.
5th. day of W(wb)-adaptation:- There was an overall paling of the 
fish and the dark patches were no,longer differentiable from the 
general ground. The pale flecks and the white spots were not very 
prominent (Plate 4-39-L).
When the fish was subjected to background (iii) of 1.0 cm. squares, 
it took about 1 hour for the dark patches to show up in the pattern.
(Plate 4-42.a). No other macroscopically observable change occurred 
during 2 hours exposure to background (iii). When subjected to back­
ground (iv) on day 6 of W(wb)-adaptation, fish I5 changed very little 
(Plate 4-42.b). The dark patches exhibited very slight differentia­
tion into dark and light areas and the pale flecks and the white 
spots were very slightly reduced in size and were slightly less promin­
ent.
12th. day of W(wb)-adaptation;- . The fish had paled more during 
this period of W(wb)-adaptation and the pattern was more or less lost.
The dark patches and the dark areas were hardly visible and the pale 
flecks and the white spots were less distinct (Plate 4-39«c)
2  ^on days 12 — 13 of W(wb)—adaptation failed to respond to 
either background of squares (Plate 4—43).
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19th. day of W(wb)-adaptationt- The fish was almost uniformly pale 
with no signs of the hasic pattern in the skin.
Fish 15 remained unaffected hy either background of squares on days 
19 - 20 of W(wh)-adaptation.
27th. day of W(wh)-adaptation:- The paling of the skin was greater 
than on days I9 - 20 and it retained its non-responsiveness to back­
grounds (iii) and (iv).
4 .2.5.1.2.2 Observations of the chromatic changes at the melanophore 
level.
4.2.5.1.2.2.1 Neurally controlled responses during W(wb)-adaptation.
During B(w )-adaptation fish I4 (the counterpart of fish I5) 
generally responded to the two backgrounds of the squares by aggregat­
ing the pigment in all the representative areas excepting those of 
the surrounding area of the pale patch in which the melanosomes were 
rather moved centrifugally.• It was for this reason that the M.M.I.s 
were higher when the fish was subjected to background (iii) in all the 
pattern-units but the surrounding area of the pale patch than on back­
ground (iv). Fish 15, on day 0 of W(wb)-adaptation responded in a 
typical manner to both backgrounds (Plate 4-44).
After the transfer of fish I5 from B(w ) to VT(wb) background the ■ 
M.M.I.s in all the representative pattern-units dropped considerably 
within 5 days of ¥(wb)-adaptation and gradually reduced to the minimum 
value of 1.0 (see Table 13 (i) and (ii)). The responses of this fish 
to the two patterned backgrounds of squares remained as on day 0 
(Plate 4-45) i.e., more dispersion of melanosomes and higher M.M.I.s 
in all areas excepting the surrounding melanophores in the pale patch 
while responding to background (iii) and slightly lesser extent of 
dispersion and hence lesser M.M.I.s on background (iv), excepting the 
surrounding area melanophores in the pale patch. This character­
istic response of this area can possibly be attributed to the physiolog­
ical adjustments within the fish after the transfer of the fish from 
B(w) to ¥(wb).
Inability to respond to either background was evident on 12 - 13 
days of W(wb)-adaptation and remained so thereafter.
An intensive fall of M.M.I. values in all the areas in fish 15
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within 5 days of W(wb)-adaptation while responding to either back­
ground of squares.and their gradual fall to 1.0 within 19 - 27 days of 
W(wb)-adaptation was clearly demonstrated by this fish (Table 13 (i) and
(ii)). A very slightly higher value of M.M.I. on background (iii) 
in the melanophores of the surrounding area of the pale patch during 
19 - 20 days of ¥(wb)-adaptation indicated them to be the last to give 
up adaptive responses in this fish.
The initial greater fall of M.M.I.s and their gradual reduction 
afterwards was consistent with the results obtained with ¥(m)-adapting 
fish 4 (pages 117-119 ). and with ¥(b)-adapting fish 12 (pages 146— 
147 )• The only marked difference was in the duration of the period of 
exposure to the white background in fishes with different background 
history. (The results obtained with fish 13 during its ¥(b)-adaptat-
ion, however, were inconsistent but were similar to those of the 
other white-adapting fishes in principle).
4 .2.5.1.2.2.2 Effect of the length of ¥(wb)-adaptation on the magnitude 
of response to the two patterned backgrounds of squares.
There was a great reduction in the magnitude of response of fish 
15 to the backgrounds (iii) and (iv) after only 5 - 6  days of ¥(wb)- 
adaptation. The reduction in magnitude indicated that the ¥(wb)- 
adapting fish was either no more able to differentiate the two back­
grounds from each other or had lost its capacity to respond to them' 
because of some physiological changes which prevented pigment disper­
sion within the melanophores. The trend in the adaptive response was 
of the reverse order in the melanophores of the pale fleck from that 
observed on day 0 of ¥(wb)-adaptation. The ability to discriminate 
the two backgrounds and to respond to them differentially was completely 
lost during days 5 ~ 6 and 12 - 13 (see Table 13 (iii)).
4 .2.5.1*3 Comparison of ¥ (m)-, ¥(b)- and ¥(wb)-adaptation.
A comparison can be made of the chromatic activity of a fish during 
its adaptation to white under varied physiological conditions depending 
upon the previous background: (i) with approximately equal amounts of
paling and darkening hormones to start with, after being on a back­
ground of intermediate mottled shade, and gradually to increase the 
paling hormone and/or decrease the darkening hormone with an increase
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TABLE 13» M.M.I, values of the ¥(wh)—adapting fish I5 while responding 
to the patterned backgrounds after varying length of adapt­
ation. 13(1) shows the responses of the melanophores in 
different pattern-units to a background of black and white 
checkerboards having 1.0 cm. squares. 13(ii) shows the 
response of the same melanophores to a background of black 
and white checkerboards of 0.1 cm. squares. 13(iii) shows the 
magnitude of responses of these melanophores towards these 
patterned backgrounds and so indicates the responsive accuracy 
of the fish at any stage of adaptation.__________________
Pish
No.
Length
of
W(wb)-
adapt-
ation.
(days)
Nature 
of the 
test 
back­
ground.
Melanophores of the 
pale patch.
Pale fleck 
M.M.I.
Surrounding 
area M.M.I.
Melanophores of the 
dark patch.
Light area 
M.M.I.
Dark area 
M.M.I,
(i)
15
15
15
15
15
0
5
12
19
27
1 .0 cm. 
squares,
It
If
It
It 1.00
1.46 (-0.58) 
1.2 (-0.08) 
1.24 ( 0 )
1.06 ( 0
1.00 ( 0
2.86 (-0.28)
1.06 (-0.04)
1.06 ( 0 )
1.00 ( 0 )
1.00 ( 0 )
4.38 (-0.28) 
1.1 (-0.06 
1.08 ( 0 
1.04 ( 0 
1.00 ( 0
(ii)
15
15
15
15
15
0
6
13
20
27
0.1 cm. 
squares, 1.08 (-0.64) 
1.2 (+0.06 
1.1 ( 0
1.04 ( 0
1.00 ( 0 )
2.74 (+0.32) 
1.26 (-0.02) 
1.24 ( 0 )
1.06 ( 0 )
1.00 ( 0 )
1.12 (-2.02) 
1.04 (-0.06) 
1.06 ( 0 ) 
1.00 (0 
1.00 ( 0
1.72 (-2.94)
1.08 (-0.08)
1.08 ( 0 )
1.04 ( 0 )
1.00 (0 )
(iii)
15
15
15
15
15
0
5 &6
12& 13
19& 20
27
I-p ipr
+ 0.06 
—  0.1 
0 
0 
0
-  1.28 
- 0.06 
0 
0 
0
+ 1.74  
+ 0.02 
0 
0 
. 0
+ 2.66 
+ 0.02 
0 
0 
0
(M.M.I.s on 1.0 cm. background- M.M.I.s on 0.1 cm. 
background= Magnitude of response).
Note. See foot-note on page 142.
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of W(ra)-adaptation, (ii) with abundant darkening hormone and practic­
ally no paling hormone and gradually to increase the paling and to elim­
inate the darkening hormone with increase in W(b)-adaptation and (iii) 
with an identical hormonal balance to that during W(b) but varying in 
the background history in having stayed on a paling hormone producing 
background in addition to mottled and black. Such a comparison can 
lead to information regarding the effect of hormones on the nervous 
mechanism. Fishes 4» 14 and 15 showed a slower rate of paling during 
their W(m)-adaptation (Page 117) than did fish 12 during W(b)- (page 
144) and fish 15 during ¥(wb)-adaptation (page 15 2). (The delayed 
paling of fish 13 during its W(b)-adaptation is to be considered with 
reserve as its responses were abnormal and were inconsistent with 
other fishes tried on this background). In the neurally controlled 
chromatic responses fish 4 retained a relatively clearer and more per­
sistant response towards the stimulant backgrounds during its W(m)- 
adaptation than those of fishes 12 and 15 during W(b)- and W(wb)- 
adaptations respectively. Such a situation is highly surprising. The 
hormonal balance of fishes 12 and 15 clearly favours not only the reten­
tion of the darkening effects in the skin but also one would expect it 
to support the development of a skin with dark markings in response to 
a b/w background pattern. This whole situation could at least be 
expected in the earlier phases of the W(b)- and ¥(wb)-adaptation.
The chromatic behaviour of fish 4» on the other hand, indicates a slow 
shift of balance towards the paling hormone with increase in time of 
W(m)-adaptation.
These results indicate that there is either a much faster elimin­
ation of the darkening hormone on background reversal in fishes previous­
ly long-adapted to a black background or that there is some other mech­
anism involved in bringing about the expression of the effects of a 
new background (see pages 1 6 7 —170 as well ).
4.2.5.2 Effect of the B(bw)-adaptation on the integumentary pattern of 
the W(b)-adapted fish on background reversal.
The 105 days W(b)-adapted fish 12, which had gone very pale (Plate 
4-46.a) was studied for its chromatic condition and response towards 
the two patterned backgrounds of squares. Fish 12 was then transferred 
to a black container and kept on the background of its original adapt­
ation for 19 days. This fish died by an accidental cut of the air
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supply on day 20.
Fish 12 did not show much macroscopic change in the first 2 - 3  
days of its transfer from the white container hut it regained traces 
of its original basic pattern within 4 — 5 days of transfer into the 
black container. By the 11th. day of B(bw)-adaptation the dark 
patches had completely recovered but did not show more than an occas­
ional light area in them (Plate 4-46.b). ' The pale flecks and the 
white spots were neither so prominent nor so well spread out in the 
surrounding normal•area. The general ground of the fish appeared 
greyish brown in those regions where the pale areas of the pale zone 
were present and slightly darker areas where the parts corresponding 
to the dark zones were flanking the pale areas.
By the 19th. day of B(bw)-adaptation this fish had slightly darker 
dark patches and dark zones in the pattern. The pale flecks and 
the white spots were somewhat reduced in size and had become quite 
prominent (Plate 4~46.c).
4.2.5.2.1 Microscopic changes in the pattern of the plaice during 
B(bw)-adaptation.
Table 14 shows the trends in the pattern reconstruction of the W(b)- 
adapted fish during its stay on black. The melanophores with very 
little amount of melanin were observed to have dispersed it into their 
processes within 1 - 2  days of its transfer from the white to the 
black container. It required about 9 - 1 0  days for the cells to 
acquire sufficient melanin to become easily observable for micro­
graphie recordings (Plate 4-47.a and b). It was found that the M.M.I.s 
were not much greater on day 11 than on day 5» but were still quite 
high to make the dark patches appear evident, the ground to appear 
greyish brown and the pale flecks and the white spots to be indistinct • 
and reduced in size. By the 19th. day of B(bw)-adaptation, the M.M.I.s 
had increased further in all the areas excepting the melanophores in 
the pale fleck (Table 14 and Plate 4-47-c and d), which recorded a 
decrease of 1.42 from the M.M.I. on the 11th. day of B(bw)-adaptation. 
This big decrease in the M.M.I. values in the pale fleck melanophores 
indicates that the nervous component which maintains the differential 
response of the melanophores in various pattern-units and thus controls 
the phenomenon of integumentary-pattern change due to different
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' ’TABLE 14. M.M.I. values of the melanophores in the representative 
pattern-units of the B(bw)-adapting fish 12 during 
different stages of adaptation.
Fish Length of Melanophores of the Melanophores of the
No. B(bw)- pale patch. dark patch.
adaptation.
Pale fleck Surrounding Light area Dark area
M.M.I." area M.M.I. M.M.I. M.M.I.
12 0 days 1.00 1.00 1.00 1.00
12 11 ” 3.48 4.16 3.62 3.64
12 19 " 2.06 4.24 3.84 4.48
TABLE 15. M.M.I. values of the B(hw)-adapting fish while responding to 
the patterned backgrounds after varying lengths of adaptation. 
15(i) shows the responses of the melanophores in different 
pattern-units to a background of black and white checkerboards 
with 1.0 cm. squares. 15(ii) shows the response of the same 
melanophores to a background of black and white checkerboards, 
of 0.1 cm. squares. 15(iii) shows the magnitude of responses 
of the melanophores towards these patterned backgrounds and 
so indicates the responsive accuracy of the fish at any stage 
of adaptation.__________________ '_
Fish
No.
Length
of
B(bw)-
adapt-
ation.
(days)
Nature 
of the 
test 
back­
ground.
Melanophores of the 
pale patch.
Pale fleck 
M.M.I.
Surrounding 
area M.M.I.
Melanophores of the 
dark patch.
Light area 
M.M.I.
Dark area 
M.M.I.
(i)
(ii7
12
12
12
0
11
1 2
1.0 cm. 
squares, 1.00 ( 0 
1.16 (-2.32
1.6 (-0.46)
1.00 ( 0 
1.98 (-2.18  
3.85 (-0.39)
1.00 ( 0 ) 
2.72 (-0.9 ) 
2.8 (-1.04)
1.00 ( 0 ) 
2.78 (-0.86) 
4.15 (-0.33)
12
12
12
0
12
20
0.1 cm. 
squares, 1.00 ( 0 ) 
1.12 (-0.46)
1.00 ( 0 ) 
2.32 (-1.84)
1.00 ( 0 ) 
2.88 (-0.74)
1.00 ( 0  )
3.18 (-0.46)
(hi) 12
12
12
0
11&12 
19
<u
TJ Q)
P m
+' Mh C
•H 0 0
& s-
trt Q)
S k
0
0.04
0
— 0.34
0
- 0.08
0
— 0.4
Magnitude of response.)
cm. squares=
Note. See foot-note on page 142.
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retinal stimuli has regained its control.
The rate of pigment-synthesis was very fast in this fish and a 
fair amount had already been recovered by the 19th. day of B(bw)- 
adaptation, after which this fish accidentally died.
4 .2.5.2.21 Effect of length of B(bw)-adaptati6n on the neurally
controlled chromatic responses of the plaice to patterned 
backgrounds.
4.2.5.2.2.1 Observations- of the changes in the entire pattern.
Day 0 of B(bw)-adaptation:- Fish 12 was'uniformly pale with very 
little traces of the basic pattern (Plate 4-46.a). The fish failed 
to show any noticeable change in its rudimentary basic pattern when 
subjected to either of the two backgrounds of squares.
11th. day of B(bw)-adaptation:- More or less evident dark patches 
and dark zones and prominent and less spread out pale flecks and white 
spots were the charateristics of this day of B(bw)-adaptation (Plate 
4—46.b).
The overall adaptive response of this fish towards the two back­
grounds of the squares was the general fading of the medial pale area 
(Plate 4-48). On background (ii) of 1.0 cm. sided squares it showed 
somewhat faded dark patches and well spread out pale flecks (Plate 4- 
48.a). The dark patches, on the other hand, remained slightly 
darker on background (iv) and the pale flecks and the white spots became 
more evident under the influence of this background (Plate 4-48.b).
19th. day of B(bw)-adaptation:- The fish had further darkened.
The dark patches and the dark areas were darker. The pale flecks and 
the white spots were more prominent than on day 11 and were reduced 
in size (Plate 4-46.c). The response of the fish towards background
(iii) was a typical one (Pages 101 - 10$. ■ The dark patches were more 
obvious and darker than on day 11 of B(bw)-adaptation and the pale 
flecks and the white spots were slightly spread out and were more 
prominent (Plate 4—49)* Recordings on background (iv) could not be 
made because of the accidental death of this animal.
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4»2.5.2.2.2 Observations of the chromatic changes at the melano­
phore level.
4*2.5.2.2.2.1 Neurally controlled responses during B(bw)-adaptaion 
to patterned backgrounds.
The M.M.I.s in all the areas of the representative pattern units • 
declined considerably when the chromatic responses of this fish towards 
the patterned backgrounds of squares were recorded on days 1 1 - 1 2  ' 
of B(bw)-adaptation (Plate 4~50). The melanophores in the pale fleck 
were those most affected. The response of the fish to background 
(iii) resulted in more aggregation of melanosomes in all areas except­
ing the pale fleck (see Table I5 (i) and (ii)). These results were 
consistent with those of B(m)-adapting fish 5 and B(w)-adapting fish 
14 in principle (pages I30 - 133 and I4I - 143).
Similarly, if the M.M.I.s obtained on the 19th. day of B(bw)- 
adaptation of fish 12 on background (iii) are compared with those of 
fish 14 on the 19th. day of B(w)-adaptation on the same background, the 
two are seen to be similar in response.
The M.M.I.s were further increased by B(bw)-adaptation on the 19th. 
day in all excepting the pale fleck melanophores (see Table I4) but 
when subjected to background (iii) the lowering of the M.M.I.s reduced 
differentially in the pattern units. Melanophores in the light area of 
the dark patch lowered the M.M.I. by I.04, while the decrease in other 
units i.e., the pale flecks, the surrounding area, and the light area 
of the dark patch, ranged from 0.33 to O .46 (see Table I5 (i) and (ii)). 
This could possibly be associated with the onset of the differential 
control by the neural component responsible for this change.
The M.M.I.s in all representative pattern units were gradually 
increased under the influence of the patterned background (iii) from 
the values of day 0 of B(bw)-adaptation and these values remained higher 
on the 19th. day of B(bw)-adaptation in the dark area of the dark patch 
and the surrounding area of the pale patch, indicating a reduction in 
responsiveness of the cells in these areas to this background. The 
M.M.I.s decreased more in the melanophores of the pale fleck and those 
of the light area of the dark patch. This indicates a better respon­
sive behaviour of these cells to this background on the 19th. day of 
B(bw)-adaptation (Plate 4-51.a and b). The M.M.I.s were higher on the 
background (iv) than on (iii) on the 12th. day of B(bw)-adaptation in 
all but the melanophores in the pale fleck. The results were similar
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to those obtained by B(m)- and B(w)-adapting fishes in principle.
4 .2.5.2.2.2.2 Effect of B(bw)-adaptation on the magnitude of response 
to the two patterned backgrounds of squares.
There was an obvious difference in the magnitude of response of the 
different representative pattern units on the 11th. day of B(bw)- 
adaptation. The responsive magnitude was much less in melanophores of 
the pale fleck and the light area in the dark patch as compared with 
those in the surrounding area in the pale patch and those of the dark 
area in the dark patch. . The trend of.response in each area of the pat­
tern under study was, however, opposite to that observed in B(m)-adapt- 
ing fish 5 (excepting that of the pale fleck) but identical to that 
recorded-in B(w)-adapting fish I4 (excepting that of the pale fleck)
(see Table I5 (iii)).
4 .2.5.2.3 Comparison of the effect of B(m)-, B(w )- and B(bw)-adaptation.
Comparison of the chromatic activities of fishes passing through 
physiological changes leading to a shift in hormonal balance towards 
darkening is suggestive of the nervous-hormonal role in colour change.
In the initial phase of B(m)-adaptation fishes 5» 12 and 13 had approx­
imately equal amounts of paling and darkening hormones. Pishes I4 
and 15 practically lacked any darkening hormone and were rich with the 
paling hormone at earlier stages of B(w)-adaptation and fish 12 during 
early B(bw)-adaptation resembled them for hormonal balance but differed 
in having stayed on a black background for about 100 days. Fish 
5 maintained a slow darkening of the integument (excepting the pale 
flecks and the white spots) and a well defined differential response 
towards the stimulating backgrounds throughout its B(m)-adaptation 
(Section 4 .2.3.2, pages 124 -12? ). On the other hand, the reversal 
of a white background to black produced the dispersion of the small 
amounts of melanin to almost maximum within a few hours of B(w)- and 
B(bw)-adaptation in fishes 14 and I5 and fish 12 respectively (pages 
136 and 159). The general darkening of the integument was achieved 
through a rapid quantitative colour change and was maintained more or 
less as such in these fishes up to about 18 days of B(w)- and B(bw)- 
adaptation through well dispersed melanosomes. Although they showed
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a fair amount of darkening of the integument in the general skin 
during subsequent B(w )— and B(bw)—adaptation, all these fishes acquired 
a highly contrasty pattern ( see Plates 4-19.c,d,4^39.a and 4-46.c).
The chromatic activity of fish 14 during B(w )- and of fish 12 
during B(bw)-adaptations indicated an initial non-responsiveness 
towards the stimulating backgrounds up to 18 days adaptation which 
was then regained (Pages 138-14Xtish 34); 161 (fish 12)). The initial 
response of fish 14 during B(w)^ and fish 12 during B(bw)-adaptation 
were as unexpected as those of fish 12 undergoing W(b)- and fish I5 
during W(wb)-adaptation ( page I58 ). Both the fishes would be expect­
ed to respond by aggregating, their melanosomes, being rich in the 
paling hormone after having stayed for about 100 days on white.
Their initial pigment dispersion and lack of response towards the 
patterned backgrounds indicate that the paling hormone, like the dark­
ening hormone ( page I58 ) is either promptly removed from the body 
or that there is some other mechanism involved in this phenomemnon 
(see pages 167-170 as well).
4 .2 .6 Conclusions and discussion.
It is generally believed that the adaptation of the chromatic­
ally active animals to a background of white or black is a fairly 
straightforward process involving rapid neurally controlled melano- 
somal movements in either direction during the initial stages of colour 
change and the gradual change of melanosomal-dispersion under the 
hormonal control thereafter. Not much has appeared in the literature 
regarding the difference in the adaptation rate of the animals of 
different background histories. Osborn (1939&) mentioned that 
previous adaptation of the flounders (^seudopleuronectes americanus 
and Paralichthys dentatus) and the sand dab ( Lophopsetta maculata) 
to white or black delays the adaptation rate to the new background 
on background reversal in these animals. Previous adaptation of 
Pseudopl euronec tes americanus to a white background for a period of 7- 
25 days retarded black-adaptation to about 6-8 days, when these animals 
normally required 1—3 days for adapting to black if they had come from 
nature directly. Similarly Osborn reported that 3-4 weeks black-adapted
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sand dabs required 6 - 8  days to adapt to white when, if directly 
form the sea, they would have taken from a few hours to 2 - 3 days.
The delay in the rate of adaptation in these animlas to the new back­
ground after background reversal was attributed to their previous 
adaptation to a background of opposite colour.
Adaptation of a fish of any background-history to a new background 
involves an initial transient colour change, if it is maintained on the 
same background. Osborn (1939a) divided the adaptation of the 
flounders and the sand dab into two phases, a transient phase ("primary" 
adaptation of Osborn 1939 ) during which paling (or darkening) appears 
within a few minutes to hour and is complelted in 3 - 7 days, and 
a quantitative ("secondary" adaptation of Osborn ) involving melano­
phore degeneration and guanophore multiplication or the reverse, 
this reaching a maximum in 3 - 4 weeks. The present study, based on 
the analysis of the neurally-controlied chromatic changes to patterned 
backgrounds during various stages of white- or black-adaptation of 
the plaic with different background-history, indicates marked difference 
'in their adaptive rates. Adaptation to any background appears in 
principle to be accomplished in three physiologically different 
phases: .
(i)- Phase I, which involves a conditional adjustment of the animal 
to the change in its immediate surroundings. The movement of the . 
pigment in one direction or the other is mediated initially by nervous 
components and later assisted by a corresponding change of hormonal 
balance.
(ii)- Phase II, which covers that period of adaptation during which 
the fishes are becoming completely adapted to the new backgrounds. The 
capacity to display the nervous controlled chromatic behaviour is ret­
ained although it may be to some extent impaired. An increase in 
melanin or guanin (or the reverse) begins during this phase of adaptat­
ion.
(iii)-Phase III, during which the adaptation of the plaice to either 
a white or a black background is completely achieved and there is a 
marked decrease in the intensity of the neurally controlled responses of
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the fish to the patterned backgrounds.
Table 16 shows the division of the adaptive changes in the plaice 
having different background history to the white and the black back­
ground into the Phases I, II and III.. In the fish at various stages of 
B(ni)-adaptation, the Phase I of adaptation is well marked from the 
Phase II by a peculiar transitory reversal period like that observed ' 
during ¥(m)-adaptation, during which the effects of black-adaptation 
are temporarily diminished (Page 125 ). Phase II in the black-adapting 
fish is, however, undifferentiable from Phase III - unlike that of the 
white-adapting fish in which Phase III of W(m)-adaptation shows non­
responsiveness of melanophores towards the patterned backgrounds (pages 
117-119* The nervous activity of the B(m)-adapting fish is though 
greatly reduced during the later stages of adaptation, but a non- 
responsive stage is never reached ( up to about 10 months).
Adaptation of a previously 100 days black-adapted fish to a white 
background, in principle, follows the same course as a previously 
mottled adapted fish, but is accomplished in a much shorter period 
(within 12 days). During phase I of W(b)- or W(wb)-adaptation (up to 
4 days) nervous responses towards the patterned backgrounds are retained. 
This nervous activity becomes greatly affected during phase II and is 
then completely abolished (Pages 148 - 151; 152 - 157 ).
Adaptation of the previously white-adapted fishes to black involves 
an earlier phase during which the melanosomes are greatly dispersed in 
melanophores of all the pattern-units. The melanosomes are then differ­
entially aggregated in different pattern-units and the chromatic activ­
ity of these animals towards the patterned backgrounds becomes better 
defined (pages 134 -143 ;158 - 163). Like B(m)-adaptation, phases II 
and III are undifferentiable during B(w )- and B(bw)-adaptation and the 
fish retain their chromatic activity towards the patterned backgrounds.
The initial changes during Phase I of white- or black-adaptation 
in the plaice are presumably the product of the nervous influence and 
are later supported by the increasing amounts of the respective hormones 
(Pages 157-158,163-16$. A brief period of reversion could be due to the 
fatigue of the controlling nerve fibres as was suggested by Healey (1940) 
in 'hypophysectomised Phoxinus, when the respective hormone was insuffic­
ient in quantity to maintain the state of melanosome-dispersion.
Phase II of the background adaptation appears to be predominantly under 
hormonal influence with some part played by the fatigued nervous compon­
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ents so that there is some lowering of the magnitude of responses of 
the W(m)-adapting fish and an unpredictable response of the melano­
phores in the representative pattern-units in the B(m)-adapting fish.
The increase in the amount of the paling hormones with a decrease in 
the darkening hormone in W(m)-adapting fish and a decrease in the 
paling hormone with an increase in the darkening hormone in the B(m)- 
adapting fish could be the factors responsible. Under such hormone- 
dominant conditions the alpha-adrenoceptors (responsible for the mediat­
ion of' melanosomal aggregation (iga, I968; Grove, 1969a; Reed and 
Finnin, 1972; Fernando and Grove, 1974a,b; Fujii and Miyashita, 1975)) 
and the beta-receptors (believed to mediate pigment-dispersion (Reed 
and Fihnin, 1972; Miyashita and Fujii, 1975» Fujii and Miyashita, 
1978)) on the melanophores of different regions of the integumentary 
pattern are selectively stimulated by the fatigued nerves which have 
constantly been engaged in carrying out their functions under persist­
ent retinal stimulation on a black or white background. Phase III of 
adaptation can be associated with a further increase in the correspond­
ing amounts of the hormones with increasingly fatigued nerve-fibres.
The nerve-fibres of the W(m)-adapting fish have in some way lost the 
capacity of stimulating the beta-adrenoceptors, while their role is 
greatly affected in the B(m)-adapting fish. This incapacity of the 
nerve-fibres to initiate any pigment-dispersion in the melanophores 
of the ¥(m)-adapting fish during phase III can be associated with •
(i) the reduction of the amount of the pigment in these cells, (ii) 
the ceasing of the production of enough beta-stimulating neurotransmit­
ter by the nerve-fibres; (iii) the increase in the amount of the paling 
hormone to a level under which the beta-stimulating neurotransmitter 
becomes ineffective; or (iv) by the blocking of the beta-adrenoceptors 
by some blocking agent. The amount of pigment in the melanophores 
of the plaice seems to be unimportant so far as the degree of its 
dispersion is concerned, since it was observed that the long W(m)- 
adapted fish 14, whatever was the number of melanosomes, dispersed to 
a maximum following a few hours of B(w)-adaptation (see Sections 4.2.4.
1.2 and 4 .2.5.2.1). Similarly, the melanin-laden melanophores of the 
B(m)-adapted fish 12 and B(w)-adapted fish I5 failed to exhibit any 
neurally evoked response after only 12 days of W(b)—adaptation and 
W(wb)-adaptation respectively and their pigment remained maximally 
aggregated (Sections 4 .2.4*2.2 and 4 .2.5.1*1). The incapacity of the
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W(b)- and W(wb)-adapted plaice to produce any darkening in the skin on 
patterned backgrounds could be associated with their fatigue (in this 
case the beta-adrenoceptors could no longer be stimaulted). This 
fatigue of nerve-fibres could be expected to have varied either the 
quantal amount of the neurotransmitter concerned or its nature (both 
these possibilities have been speculated by Miyashita and Fujii (l9?5) 
and Fujii and Miyashita (1976b)). If it is believed that the nerve- 
fibres remain unaffected and keep producing the required amount or kind 
of the neurotransmitter, the hormonal predominance is the most plausible 
explanation left. The .possibility is slight that the formation of 
some agent either blocks the beta-adrenoceptors by the depolarization 
of the excitable membrane or through competing with the neurotransmitter. 
The production of such a substance should in that event, affect the 
whole metabolic processes associated with the beta-adrenoceptors of the 
fish. A state of non-responsiveness was never reached in the melano­
phores of the B(m)-adapting fish during the period of the present study, 
but their responses towards the patterned backgrounds were greatly 
affected. This too could be the combined result of fatigued nerves and 
the predominant darkening hormone affecting the expression of alpha 
effects through the alpha-adrenoceptors.
Following the reversal of backgrounds from B(m) to W(b) or from 
B (w) to ¥(wb) Phases I and II of fishes 12 and 15 were very brief 
(less than 12 days). This period seems to be not long enough to have 
caused any drastic reduction in the darkening hormone produced for 
about 100 days. On the other hand, fatigued nerve-fibres, following an 
altered retinal stimulation, could have produced either a different 
catecholamine or a different concentration of the same neurotransmitter, 
which could not stimulate the long unused alpha-receptors, which in 
some|have become oversensitized (pages 31 & 197 ). The long-used beta- 
adrenoceptors are initially put out of function, but by the time the 
fatigued nerves have recovered, the amount of the paling hormone has 
increased enough to prevent them from evoking any response through the 
beta-adrenoceptors. • As a result the ¥ (b)— or ¥ (wb)—adapting fishes 
failed to show any neurally controlled reaction when subjected to the 
stimulating patterned backgrounds (Sections 4.2.4*2.3; 4*2.5.1.2).
Reversing the background for the long ¥(m)- or the long ¥(b)- 
adapted fishes 14 and 12 respectively to B(w ) and B(bw) caused exactly 
the reversed conditions of those of fishes 12 during ¥(b)—adaptation
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and 15 during W(wb)-adaptation. Stimulation of the lower half of the 
retina on black background results in pigment dispersion (von Frisch, 
1911b; Butcher, 1938 and others). -Great dispersion of melanosomes 
having practically very little melanin was observed within a few hours 
of background reversal and the state of melanosomal-dispersion remained 
more or less unaffected for about I9 days in B(bw)-adapting fish 12 ' 
and for 18 - 27 days in the B(w)-adapting fish I4 . The change of back­
ground appears to affect the nerve-fibres of these fishes in practically 
the same way as in fishes 12 and I5 during ¥(b)- and ¥(wb)-adaptation, 
but the nature or the concentration of the neurotransmitter produced 
at the neuroeffector junctions could be different. Miyashita and 
Fujii (1975) and Fujii and Miyashita (1976b) have indicated that the 
lower concentrations of catecholamines and some related sympathomimetic 
amines (noradrenaline, adrenaline, phenylephrine, isoproterenol, 
methoxyphenamine and protokylol) reverse their normal effect with high­
er concentrations and cause the dispersion of the pigment in the melano­
phores of the guppy Lebistes reticulatus. The possibility of an entir­
ely different neurotransmitter produced by the same nerve-fibres at 
the neuroeffector junctions was suggested by Fujii and Miyashita (1976b) 
and the functional endogenous beta-stimulating amine was further sugges­
ted to be adrenaline.
The W(m)-, W(b)- and W(wb)-adapting fish have been noted to cease 
responding to either one or both the patterned backgrounds in a relativ­
ely shorter period and the pigment in them remains well-aggregated.
The B(m)-, B(w)- and B(bw)-adapting fishes, on the other hand, maintain 
their responses to a varying degree throughout their period of black- 
adaptation and the melanosomes in their cells remain in a more dispersed 
state. • This suggests that either the population of the alpha-adrencep- 
tors is greater than that of.the beta- or that the agonist molecules 
interact more easily with the beta-receptors than the alpha- (Miyashita 
and Fujii, 1975). The differential behaviour of the melanophores in 
the different pattern-units suggests that they do not share the same 
populations of alpha- and beta-adrenoceptors. The melanophores in 
the pale flecks and those in the light areas of the dark patches, stud­
ied microscopically in the present section, and those in the white spots, 
studied both macroscopically and microscopically in Section 5.2,appear 
to respond in more or less the same way. The melanophores in the dark 
areas of the dark patches and those in the dark zones of the normal area
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resemble one another more closely. The response of the melanophores in 
the pale zone of the normal area resembles one group or the other depend­
ing on the nature of the stimulating pattern in the background (see pages 
221; 23^L
The promptness with which.the alpha-effects are established during 
W(m)-, W(b)- or ¥(wb)-adaptation and the failure of ¥(b)- and W(wb)- 
adapting fish to respond to the patterned backgrounds in a relatively 
shorter period possibly indicates that the alpha-action can possibly over­
whelm the ceiling of the beta-receptors. Such a response could possibly 
have occurred through the production of slightly higher concentrations of 
the agonist molecules (Miyashita and Fujii, 1975) liberated from the 
nerve-endings of the fatigued nerves, under changed retinal stimuli.
To conclude, it could be said that the background-history of the fish 
has a marked influence on its rate of adaptation to a black or white back­
ground and on its neurally controlled colour change responses to a patter­
ned background. In such fishes the nervous elements operate in coopera­
tion with the hormonal components. The nature and the concentration of 
the neurotransmitters is important in establishing any neurally influenc-- 
ed change in relation to the amount of the agonistic or antagonistic 
hormones. Together they determine the fate of the ultimate response.
4.3 ESTIMATION OF TIE EFFECT CAUSED BY TIE REFLECTIVITY OF THE 
BACKGROUND ON TIE INTEGUMENTARY PATTERN LH T ^  PLAICE.
4 .3*1 Introduction.
The colour of the background has a marked effect on the colour and 
the pattern of the flatfishes. A white background induces an initial 
paling in most units of the pattern, while black causes the general dark­
ening of the integument. Longer exposure to white bïTolack cause an 
overall paling or darkening of the integument through transient concentr­
ation or dispersion of the melanosomes in the melanophores of all the 
units of the pattern, as well as through the quantitative decrease or in­
crease of the pigment (Kuntz, 1917» Murisier, I92O-I92I; Parker, 1948).
The plaice was found to acquire a pale colour after only a few minutes 
to 5 - 6 days of exposure to a white background and showed a substantial 
increase in the guanine amount in the skin within 15 — 16 days (see page
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117).  ^Exposure to various greys causes the skin of the fish to acquire 
a grey shade (Sumner, I9II; Mast, I9I6). In other teleosts the chromatic 
activity of the fish, after exposure'to backgrounds of varying reïectiv- 
ity has been estimated by matching the overall colour of the dorsal skin, 
with the naked eye, against points from the derived Oswald grey series 
(Healey and Ross, I966; Healey, 1967)* Photoelectric methods have also 
been used (Smith, 1936; Eujii, I96I; Fujii and Novales, I968; Fujii and 
Miyashita, 1975» 1978). Objections to using reflectance as a measure of 
melanophore activity includes the possibility that xanthophore, erythro- 
phore and iridophore avtivity may affect reflectance and also that such 
methods cannot be used to compare the activity of different layers of 
melanophores (Khokhar, 1971a; Burton, 1978a). Finally they are useless 
in the case of a strongly patterned fish such as the plaice.
Although there are a number of macroscopic descriptions of chromatic 
activity in pleuronectid species and a few based on microscopic observa­
tions of scale-slips and frozen areas of skin (Burton, 1978b), no study 
of the adaptive responses of the living fish to backgg^junds of different 
reflectivity has been made. In order to establish the neurally initiated 
responses of the melanophores lying in different functional units of the 
pattern of the plaice, with varying degrees of previous adaptations, such 
animals were subjected to a series of backgrounds with different reflec­
tivity. The background history of the animals used in this experiment 
varied considerably. They were all kept for 24 hours on a white back­
ground and then exposed to one series of plain greys in which the reflec­
tivity of the background gradually decreased to the minimum. They were 
then transferred to a black background for another 24 hours and were then 
exposed to a series of plain grey backgrounds which gradually increased 
the reflectivity to the maximum point. Under these circumstances, the 
difference in the chromatic behaviour of these fishes can be expected to 
be primarily due to the difference in their previous background history.
4.3.2 Method.
4 fishes were used in this experiment; fishes 1 and 3 were from 
the mottled background tank, fish ¥1 was adapted to a white background 
for over 10 months and fish B1 was similarly black-adapted for over 10 
months. All these fishes were kept for 24 hours on white, were photo­
graphed and then subjected to series (i) of the greys, in which the 
reflectivity gradually decreased to a minimum. Each fish was indiv-
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idually observed on each grey (D.O.I. 2-4-6) after i hour, 1 hour, 1-J- 
hours and 2 hours and a record of its entire pattern and of the groups 
of cells in the representative units of the integumentary pattern 
prepared. In this way, each fish arrived at the background with 
least reflectivity i.e., black (D.O.I. 8), and after observation was 
transferred to a black container for 24 hours. Each fish was photo­
graphed on black and then subjected to series (ii) in which the reflec­
tivity gradually reached the maximum, i.e., white (D.O.I. O) through 
D.O.I. 6~4“2.
4*3.3 Adaptation to white.
Twenty-four hours adaptation to a white background resulted in a 
considerable amount of paling in fishes 1 and 3 from the mottled 
background (Plate 4-52. a and b). The long black-adapted fish B1
also blanched but was still fairly dark and the dark zones and the dark 
patches were clearly differentiable (Plate 4-52.c). Paling in fish 
B1 was noticeable only in the pale areas of the pale zone. The long 
white—adapted fish ¥1, however, remained unchanged and was uniformly - 
'Pale (Plate 4-52.d).
Macroscopic changes in the pattern on series (i) of greys (gradual
decrease in the background reflectivity).
Increase of D.O.I. from 0 to 8 produced gross changes which varied 
considerably in these animals according to their background-history.
The long white-adapted fish ¥1 exhibited macroscopically the least 
change and never indicated any signs of the general pattern on any grey 
or even on black. All it showed was a change to a greyish general 
shade and hardly distinguishable dark patches and pale flecks. The 
indications of these changes were noticeable from D.O.I. 2 onwards 
(Plate 4-53)
The fish with long black history appeared unchanged up to D.O.I. 4, 
excepting that it showed some signs of darkening of the dark areas 
in the dark patches and then gradually became darker on each back­
ground thereafter. It, however, showed little improvement in the 
reconstruction of the original pattern apart from darkening of the 
entire skin (Plate 4-54)*
Pishes with 24 hours white-adaptation history (l and 3) showed a 
much better response to the decrease in reflectivity of the backgrounds
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and through the sequence of changes the pattern resembling the 
riginal one was restored on DOT 6 (Plate 4-55.c), consolidation of 
which occurred during their stay on DOI 8 (Plate 4-55.d). These
changes primarily involved (i) the clearing of the white spots on DOI 
2 (Plate 4-55*a); (ii) the prominence of the pale flecks on DOI 4 
and 6 (Plate 4-55% and c); (iii) exhibition of the dark patches and 
the dark zones on DOI 4, 6 and 8 (Plate 4-55b, c and d) and (iv) the 
general darkening of the pale zones on DOI 2, 4» 6 and 8.
4.3 .4 Adaptation to black.
24 hours on black induced a great deal of adaptive changes in fishes 
1 and 3. Both became almost uniformly dark with distinct white 
spots, reduced in size and with less distinct pale flecks also of small­
er size (Plate 4-56.a and b). The long white history fish also exhib­
ited darkening by becoming uniformly brownish in colour. The pale 
zone, the pale flecks and the white spots remained distinguishable, 
though much less clear (Plate 4-56.d). The long black-adapted fish 
remained uniformly dark with very slight signs of the pale units of 
the pattern (Plate 4-56.c).
Macroscopic changes in the pattern on series (ii) of greys
(gradual increase in reflectivity).
The fishes with the different background histories differed in 
their response to the series of greys in which reflectivity gradually 
increased to the maximum value. The long black-adapted fish B1 
showed a gradual decrease in its dark tone but the fish never achieved 
any recognisable basic pattern excepting that the dark patches and 
the dark zones stood out slightly more pronounced on the less dark 
general ground (Plate 4-57).
The long white-adapted fish appeared to lose most of its pattern 
and colour acquired after 24 hours on black during its exposure to 
DOI 6 and became somewhat pale on the subsequent DOIs, with no indic­
ation of the basic pattern (Plate 4-58).
Fishes 1 and 3 responded by a general paling of their pattern on 
DOI 6 (Plate 4-59.a) and, as a result, achieved a pattern nearly 
similar to the original one. Their pattern, however, became nearly
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homogeneous following their exposure to DOI 4 (Plate 4-59.h) and 
remained so till they were on the white "background. The pale flecks 
and the white spots which were very prominent on DOI 6 lost their 
prominence after their exposure to DOI 4- in fish 3 and to DOI 2 in 
fish 1. The loss of the prominence of the pale flecks and the white 
spots is a common phenomenon in the plaice adapting to homogeneous 
light surfaces. Such changes help in. "bringing about a homogeneously 
paled pattern in the skin.
4"3*5 Microscopic observations of the pattern changes in the plaice 
following changes in the reflectivity of the background.
4.3*5«1 Microscopic changes on background series (i) (gradual 
decrease in reflectivity).
The study of photomicrographs supported the macroscopic changes des­
cribed in section 4*3.3 and 4.3.4 and revealed the extent of pigment 
movement in the melanophores of the representative units of the fishes 
with different background history on exposure to the two series of 
greys.
The melanophore-index being non-linear in its arrangement, there 
might seem to be little justification in comparing the chromatic activ­
ities of such a varied group of fishes on this basis. On the other 
hand, a comparison of the percentage of change, caused under the 
influence of each grey, in the different pattern-units of these animals 
has some significance. Table 16 has been tabulated on the basis of 
the changes in terms of M.M.I.s of different melanophore groups of all 
the fishes used in this study. Table 17 indicates the same changes 
expressed in percentage of the overall change in M.M.I. values on one 
extreme of reflectivity to that on the other. Percentage change 
for each DOI has been calculated by dividing the change in M.M.I. values 
of melanophores in a pattern unit on that DOI with the overall change 
of M.M.I. values in the same melanophore group on that background 
series and by multiplying the product by 100.
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The detailed description of the changes in M.M.I. of the differ­
ent melanophore groups which are given on pages 177- 195 are disting­
uished hy a black line on the left. From these descriptions Figures 
4-2 to 4-5 and 4-6 to 4-9 have been constructed and these give an 
immediate overall picture of the situation which is of value as long 
as the limitations of the M,I. scale are kept in mind.
Fishes 1 and 3, which came from the mottled bottom container, demon­
strated a steady increase in the M.M.I. values of the surrounding area 
and the light and the dark areas of the dark patch when they were sub­
jected to DOI 2 to DOI 8 in series (i) after 24 hours white-adaptation 
(Table 17 (i), Plate 4-60). The responses of the two fishes were inco­
nsistent as far as the melanophores of the pale fleck were concerned . 
(Figure 4-2). These melanophores in fish 3 showed a low M.M.I. value 
(1.32) following 24 hours of white-adaptation and gradually increased 
to M.M.I. 2.5 on DOI 8. The melanophores of the same pattern-unit 
in fish 1 had well dispersed pigment and thus a high M.M.I. of 2.82, 
after 24 hours on white. These melanophores of fish 1 then aggregated 
their melanosomes on different greys and reached a minimum of 2.02 
after hour on DOI 6 and started re-dispersing them to 2.38 on DOI 
8 (black) (see Table 17 (i), Plate 4-60). About half of the overall 
pigment dispersion on series (i) was obtained within 2 hours on DOI 2 
by the melanophores in the pale flecks of fish 1, whereas fish 3 
remained somewhat slower in this part of the pattern.. It showed a 
gradual increase of melanosomal-dispersion on DOI 2, 4 and 6 (Table 18
(i),Figure 4-6 and Plate 4-60). There was a steady increase in the 
dispersion of melanosomes in the melanophores of all the other represen­
tative pattern-units of both fishes 1 and 3, with the decrease in reflec­
tivity of the backgrounds in series (i) (DOI 0 - 8) .  This increase 
in terms of M.M.I.s ranged from 1.2 to 2.18 (=0.98) and 1.14 to 2.16 
(= 1.02) in the melanophores of the surrounding areas of fishes 1 and 
3 respectively (Table 18 (i), Plate 4-60). A greater part of the 
overall pigment-dispersion was achieved during the stay of fish 1 
on DOI 2, while fish 3 maintained a steady rate (Table 18 (i). Figures 
4-6, 4-7 and Plate 4-60). The light area of the dark patches of fishes  ^
1 and 3 showed an overall change from M.M.I. 1.4% to 2.64 (= 1*23) 
and from 1.1 to 3.04 (= 1.94)•respectively. Fish 1 showed maximum
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Figures 4-2 to 4-5* The graphs of the representative pattern-units of 
the fishes differing in their previous adaptations showing 
changes in M.M.I.s on greys of different reflectivity. 
Fishes 1 and 3 had a mottled background adaptation for 
about 6 weeks; fish B1 was adapted to black for over 10 
months and fish ¥1 was adapted to white for the same dura­
tion. These fishes were all adapted to white for 24 hours 
and were then exposed to a series in which the reflectivity 
gradually reduced to the minimum (through D.O.I. 2 - 4 - 6 - 
■ 8) (their chromatic activity plotted on the left half of 
each graph). They were then maintained on a black back­
ground for 24 hours (their chromatic activity shown by 
broken lines in each graph) and were then exposed to anoth­
er series of greys in which the reflectivity of the back­
ground reached its maximum value (through D.O.I. 6 - 4 - 
2 - 0) (chromatic activity in continuous lines). Each 
point on the graph indicates an average of the melanosomal 
• . movement measured from the same groups of 50 melanophores
at -g- hour, 1 hour, 1-J- hours and 2 hours readings on each 
D.O.I. The vertical bars show an overall change in M.M.I. 
values (minimum to maximum) on each D.O.I. during this 
period.
Figure 4-2.
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Figures 4-6 to 4-9* Histograms showing the chromatic activities
of the representative pattern-units of fishes of variable 
previous background history to changes in the reflectivity 
of the background. These changes have.been calculated in 
. terms of percentage change of the overall melanosomal
movement during the exposure of the fish to each series of 
greys (i.e., (i) in which the reflectivity decreased and
(ii) in which it increased) on each H.O.I. (see legend to 
Pigs. 4-2 to 4-5)* Bars above the line indicate a state 
in which the melanosomes moved peripherally and those 
below the line indicate their aggregation.
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TABLE 18. Comparison of the chromatic activities of the T^pT^=*ntativr ' 
pattern-units of the various previous Background history 
fishes on Backgrounds of different reflectivity (in terms of 
D.O.I.). The changes in the melanosomal movements on each 
Background have Been calculated in terras of percentage of 
(i) the overall change.
Area of 
the
pattern.
Fish
No.
M,I. change cn D.O.I.s in 
2 hours in D.O.I. 0 8 
series.
io age change in each D.O.I. 
in 2 hours in D.O.I. 0 8 
series.
D.O.I.
2
D.O.I.
4
D.O.I.
6
D.O.I.
8
D.O.I.
2
D.O.I.
4
D.O.I.
6
D.O.I.
8
r-4 . •d^ <D Ü •p I-t +=
o d d  <4 ft
1
3
Bl
Wl
0.48
0.22
0
1.2
0.2
0.34
0.34
0.68
0.12
0.38
0.1
0.26
0.12
0.12
0.06
0.28
52.0
23.6
0
49.59
21.0
30.9
68.0
28.1
13.0
34.55
20.0  
10.7
13.0
10.9
12.0 
11.6
L -P d
d 5 SCO d
1
3
Bl
Wl
0.6
0.18
0.08
0.04
0.1
0.28
0.22
0.82
0.16
0 .3
0.12
0.36
0.08
0.26
0.04
0.56
63.8 '
17.65
17.39
2.25
10.6
27.5
47.83
46.07
17.0
29.4
26.1 
20.23
8.5
25.5
8.7
31.46
Cho d • -P _  hd .d rd d o ho m o -p
1
3
Bl
Wl
0.45
0.12
0.48
0
0.1
0.58
0.36
0.54
0.26
0.54
0.26
0.36
0.42
0 .7
0.78
0.36
. 36.59
6.19 
25.53 
■ 0
8.13
29.9
19.15
42.86
21.14
27.8
13.83
28.57
34.15
36.0
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28.57
d «H d d 
À  O fd f t
1
3
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0.38
0.1
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0.18
0.2
0.68
0.34
0.22
0.5
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0.02
0.08
0.96  
0.72  
0.66 
0.22
18.63
6.2
52.78
25.7
9.8
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15.74
31.43
24.5
7.4
0.93
11.43
47.0
44.4
30.56
31.43
(ii)
M.I. change on D.O.I.s in 
2 hours in D.O.I. 8 0 
series.
^ age change in each D.O.I. 
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D.O.I.
6
D.O.I.
4
D.O.I.
2
D.O.I.
0
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6
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4
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2
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0
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Ü CO d  
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1
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0 .7
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0.48
0 .4
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0.2
0.01
54.59
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21.94
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0.12
0.8
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0 .06
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0.03
51.85
41.42
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88.2
25.9
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14.5
23.21
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37.5
16.8
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11.6
4.17
20.2
10.1
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changes in pigment dispersion on DOi 2 and 8, while these melanophores 
in fish 3 changed a little on DOI 2 and then dispersed their pigment 
almost uniformly on the subsequent Backgrounds (TaBle 18 (i), Figure 4-8 
and Plate 4-60). The melanophores in the dark areas of the dark 
patches of Both these fishes were maximally affected by the decrease of 
reflectivity of the Background in series (i). The M.M.I. variations 
ranged from 1.32 to 3.36 (= 2.04) in fish 1 and I.54 to 4.16 (= 2.62) 
in fish 3 (Table 17 (i)). The Background with DOI 8 proved to Be 
the one on which most of the pigment-dispersion was accomplished By 
Both fishes (Table 1Ç, Figure 4-9 and Plate 4-60).
The fish with long white-adaptation, Wl, possessed very little 
melanin and a Bulk of guanine and thus looked very pale (Plate 4-51).
The micrographs of different regions of the pattern (taken after 
transferring the fish from a white container on the white Background of 
the apparatus) revealed that the small amount of melanin in the melano­
phores was not in the maximally aggregated state even after such long 
white-adaptation (Plate 4-61 ). The M.M.I. was fairly high in the dark 
patch melanophores (I.98 and 2.68 for the light and the dark areas 
respectively). It may, however. Be mentioned that long white-adaptat­
ion makes a fish very sensitive to conditions which may result in pigme­
nt dispersion (Pages 157-158; 169-170 ), A simple handling of the
fish while confining it to the cell could Be one of the causes to ■
Br ng about pigment dispersion in this fish.
The M.M.I. of the pale fleck in this fish was minimal on the white 
Background (I.32). There was a great dispersion of the melanosomes 
following exposure of this fish to a Background with DOI 2 and the M.M.I. 
reached to 2.52 in only hour (Table 17. (i)).. ' The M.M.I. then 
gradually moved on to 3*64 on DOI 8, recording an overall increase 
of 2.32. About half the overall increase in pigment dispersion took 
place during the stay of this fish on DOI 2 (Table 18 (i) and Figure 
4-6). The M.M.I. value 1.32 of the melanophores in the surrounding 
area of the pale patch reached 2.24 on DOI 2 and went up to 3*98 on 
DOI 8, showing an overall increase of 2.66. Most of the adaptive 
changes in this part of the pattern to decreasing Background reflect- 
iviiy occurred during its stay on DOI 4 and subsequent Backgrounds 
(Table 18 (i) , Figure 4-7 and Plate 4-61). The melanophores in the 
light area of the dark patch increased their M.M.I.s from I.98 to 3.24
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(= 1.26). These cells showed no response to the change of background 
reflectivity from DOI 0 to DOI 2 but dispersed their melanosomes consid­
erably on DOI 4 and then gradually on DOI 6 and 8 (Table 18 (i),
Figure 4-8 and Plate 4-61). The melanophores in the dark area of the 
dark patch showed an overall change from M.M.I. 2.68 to 3.3 (= 0.62) 
on DOI 0 — 8. The change on each DOI was almost equal excepting that 
on DOI 6, on which it was the least (Table 18 (i), Figure 4-9 and Plate 
4-61).
In principle the decrease in the reflectivity of the background 
ensured an increase in thé M.M.I.s in the representative areas, causing 
some darkening in the fish. The overall increase in the M.M.I.s 
would have produced enough darkening in the normally pigmented fish, 
but this failed to do so in the long white-adapted fish because of the 
insufficient quantity of the melanin in its melanophores. Long white- 
adaptation appears to interfere with the maintenance of the degree of 
pigment-dispersion which is first associated with adaptation to some 
grey. The M.M.I. of the pale fleck reached 2,52 after 1^ hours on 
DOI 2 and then dropped to 2.46 at 2 hours. Similarly the M.M.I. values 
of the dark area fluctuated slightly on all the greys. This interfer­
ence could possibly be hormonal in nature and the paling hormone accumu­
lated during the long period of white-adaptation might well be affecti­
ng the nervous components of the animal differentially in the pale 
fleck and in the dark area of the dark patch.
The fish with long black-adaptation history, Bl, paled considerably 
during 24 hours exposure to the white background and the M.M.I.s fell 
form 3.2, 4*46, 3.9 and 5*0 to 1.24, 1.38, I.84 and 2.22 in the pale 
fleck, the surrounding area, the light area and the dark area of the 
dark patch respectively (Table 17 (i). Exposure to the greys in series
(i) caused the dispersal of the melanosomes and rise in M.M.I.s of the 
pattern-units (Plate 4-62). The pale fleck melanophores and those of 
the surrounding area demonstrated from nil to a very insignificant in­
crease in the M.M.I.s on DOI 2 and then both gradually increased to 
1.84 on DOI 8. The overall increase was from 1-34 to I.84 (= O.5) in 
the pale fleck and from I .38 to I .84 (= 0.46) in the surrounding area 
(Table 17.(i)), the maximum part of which was accomplished on DOI 4 
(Table 18 (i). Figure 4-6 and 4-7 and Plate 4-62). The M.M.I. value 
of 1.84 in the light area of the dark patch 24 hours after white- 
adaptation reached 3.64 on DOI 8, showing an increase of 1.8. The
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melanophores of this pattern-unit showed most of the overall dispersion 
on DOI 8 (Table 18 (i), Figure 4—8 and Plate 4—62). The melanophores 
of the dark area of the dark patch changed from 2.22 on white to 4.34  
on DOI 8, showing an overall increase of 2.12 during this period, a 
large part of which was achieved on DOI 4 and 8 (Table 18 (i), Figure 
4-9 and Plate 4-62).
The light and the dark areas of the dark patches in fish Bl also 
indicated fluctuations in the M.M.I. values which might be due to horm­
onal interference with the neural mechanism. The M.M.I. value of 2.24 
of the light area melanophores on DOI 2, changed to 2.6 after -J- hour 
on DOI 4 and then dropped to 2 58, 2.44 and 2.14 at 1, 1-J- and 2 hour 
recordings on the same grey (Table 17 (i)). On DOI 6 this value of 
2.14 increased to 2.48 and then again dropped to 2.36 in and 1 hour 
respectively. A similar interference was recorded in the dark area of 
the dark patch, in which the 2.2 value on white reached 3.22 on DOI 2 at 
hour and then dropped to 3.06 in 1 hour (Table 17 (i)). M.M.I.
3.36 reached at 2 hours at DOI 2 went up to 3*7 at -g- hour on DOI 4 
and then dropped to 3.58, 3.48 and to 2.78 at 1, 1-J- and 2 hours on DOI ' 
4 (Table 17 (i)).
The results obtained on series (i) of greys, in which reflectivity 
of the background gradually reduced to a minimum, indicate that previous 
adaptation of the fish plays an important role in determining its chrom­
atic activity. Although there was inconsistency in the behaviour of 
the mottled-adapted fishes 1 and 3, possibly due to individual variabil­
ity, the overall changes in the states of melanin-dispersion on this 
background series was of moderate magnitude- The long white-adapted 
fish, Wl, showed greater melanosomal-dispersions in all the visible 
melanophores under the influence of the decrease in reflectivity and 
a larger part of these changes occurred on the background which reflect­
ed most of the incident light (i.e., DOI 2 and 4). On the other hand,
fish Bl, which had paled considerably on white after 24 hours, showed 
little efforts to regain that state of pigment-dispersion as it had 
after 10 months of black-adaptation.
4'3.5"2 Microscopic changes on DOI 8 in series (i) (gradual decrease 
in reflectivity) and their comparison with those after 24 
hours of black-adaptation.
24 hours of exposure to black induced darkening in all the units of
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the pattern in all the fishes studied, irrespective of their previous 
background-history, and thus a corresponding increase in M.M.I.s 
occurred. Table 17 (ii) and Figures 4-2 to 4-5 indicate the compar­
ative figures of M.M.I.s of individual fish following 2 hours of 
exposure to DOI 8 (black ) in series (i) and after 24 hours of black- 
adaptation (see Plate 4-63). The representative units of the pattern 
in all the fishes demonstrated an increase in the M.M.I.s following 
24 hours black-adaptation from the values they reached on DOI 8 at the 
end of their exposure to series (i). The M.M.I. increase in the 
pattern units of fish 1 and 3 indicated that the melanophores of the 
dark area of the dark patch were the components of the pattern which 
had undergone maximum dispersion of the pigment on DOI 8 in series (i) 
(M.M.I. 3.36 in fish 1 and 4*6 in fish 3) and had very nearly achieved 
the degree of black-adaptation following 2.4 hours exposure (M.M.I.
4.32 in fish 1 and 4-6 in fish 3). The pale fleck melanophores 
and the melanophores of the surrounding area of the pale fleck in fish 
1 showed comparatively smaller changes on DOI 8 of series (i) and so 
changed much to equilibrate for adaptation to black during 24 hours 
exposure (see Table L7- (i) and (ii)),The long black-adapted fish nearly 
achieved the M.M.I. value of its 24 hours' black-adaptation (which 
were the same as those recorded after over 10 months of black- adapta­
tion) in its dark patch on DOI 8 in series (i). The light area melano­
phores reached M.M.I. 3.64 on DOI 8 in series (i) and the M.M.I. reached 
on black after 24 hours was 3»9* The dark area melanophores showed a 
M.M.I. of 4»34 on the series of greys, a value near to that which this 
fish had shown after long black-adaptation, i.e., ^.0. The surrounding 
area of this fish was the pattern-unit which indicated the least change 
on the series of greys and had much to do to reach the state of disper­
sion typical of long black-adapted fish during 24 hours of black expo­
sure. The long white-adapted fish demonstrated big variations in the 
melanophores of the pale fleck and the surrounding area of the pale 
patch during its exposure to series (i) of greys reaching M.M.I.s 3.64 
and 3.98 respectively. After a further 24 hours black-adaptation it 
only reached 3.68 and 4*02. The light and the dark areas of the dark 
patch, however, changed much during 24 hours of black-adaptation.
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4'3'5'3 Microscopic changes on background series (ii) (gradual 
increase in reflectivity).
Well-dispersed states of melanosomes, following 24 hours of exposure 
to a black background, were differentially aggregated to lessen the 
M.M.I.s on series of greys increasing the reflectivity of the back­
ground in the pattern-units of all the fishes, different in previous 
background history.
Fish 1 demonstrated the maximal melanosomal dispersion in the pale 
fleck after 24 hours exposure to black'and reached M.M.I, 5*0 in these 
cells. These melanophores aggregated.their pigment following exposure 
to series (ii) of greys and the M.M.I. reached 2.16 on DOI 4 within 2 
hours (Table 17 (ii), Plate 4-64). The melanophores of the pale fleck 
in fish 1 started dispersing the melanosomes again and reached to M.M.I. 
3.24 at the recording made on DOI 0 (white ) after 2 hours (Table 17 (ii) 
Figure 4-2 and Plate 4-64). The melanophores of the similar pattern- 
unit in fish 3, however, demonstrated an uninterrupted gradual decrease 
of pigment aggregation throughout its exposure to greys of series (ii) 
(Table I7 (ii)).
The minimum M.M.I. value of the pale fleck melanophores of fish 1 
vjas recorded to be 2.16 on DOI 4 and thus the total change of pigment 
movement ranged between 5*^ and 2.16 (=2.84) i^ terms of M.I. Pish 
3, on the other hand, respnded to the increase in reflectivity of the 
backgro'und in series (ii) by lowering the M.M.I. 3*34 after 24 hours on 
black to 1.2 on DOI 0 and thus showed a total change of 1.14. The 
aggregation of pigment in this part of the pattern of this fish was near­
ly equally acquired on backgrounds of DOI 6, 2 and 0 and, in terms of 
percentage change, it was comparatively more on DOI 4 (Table 18 (ii) and 
Figure 4—6). The overall decrease in M.M.I. values in the melano­
phores of the surrounding areas of the pale patches following an increa­
se in reflectivity ranged from 3.34 — 1.2 (=2.14) a,nd 4.46 - 1.08 
(=3.38) in fishes 1 and 3 respectively. A greater proportion of the 
overall pigment-aggregation occurred on DOI 6 and by the time these 
fishes arrived on DOI 0 up to about 89 and 98^ of the total change had 
already taken place in fishes 1 and 3 respectively (Table 18 (ii),Figure 
4-7). The melanophores in the light areas of the dark patches showed 
pigment-aggregation on the greys of series (ii) and the overall change 
from DOI 8 to 0 was between M.M.I. 4.2 to 2.6 (=1.6) and 4.56 - 1.14
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( 3*42) in fishes 1 and 3 respectively. Most of this aggregation 
was achieved on DOI 4 hy fish 1 and on DOI 6 hy fish 3 (Table 18 (ii) 
and Figure 4—8). The overall change in M.M.I, values in the melano­
phores of the dark areas of the dark patches of fishes 1 and 3 ranged 
from 4.32 — 2.94 (= 1.38) and from 4 .6 — 1,24 (=3.36) respectively.
This was achieved greatly following the exposure of fish 1 to DOI 2 ' 
and fish 3 to DOI 4 and 2 of the series (ii) (Table 18 (ii), Figure
4-9).
Increase in the reflectivity of the background resulted in the 
aggregation of melanosomes in the representative pattern-units of 
long white-adapted fish Wl. The pale fleck melanophores, which reach­
ed to M.M.I. 3.68 following 24 hours exposure to black, aggregated 
the melanosomes to reach M.M.I. 3.1 on DOI 0 through series (ii).
This change was very minor (=0 .58) on M.I. scale and was mostly perfor­
med on DOI 6 (Table 18 (ii). Figure 4-6 and Plate 4-65). Pigment agg­
regation under the influence of the increasing reflectivity was compar­
atively more in the melanophores of the surrounding area of the pale 
patch of this fish and ranged between 4.02 on black to 3.0 on DOI 0 
(=1.02). This too was greatly achieved on DOI 6 (Table I8 (ii).
Figure 4-7 and Plate 4-65). The almost maximally dispersed melano­
somes in the light area of the dark patch of this fish, with M.M.I.
4 .8 after 24 hours on black, were aggregated on the greys of series 
(ii) and the M.M.I, fell to 3.15 on DOI 0. The overall change of
1.65 was achieved on DOI 6 (Table ig (ii). Figure 4-8 and Plate 4-65), 
which had a similar effect on the melanophores in the pale fleck and 
the surrounding area of the pale patch. The melanophores of the dark 
area of the dark patches, with M.M.I. 5.O, were similarly aggregated to 
M.M.I. value of 3.32 on DOI 0, with an overall change of 1.68. A 
larger proportion of melanosomal-aggregation was observed during the 
exposure of this long white-adapted fish to DOI 6 and 4 (Table I8 (ii), 
Figure 4-9 and Plate 4-65).
The overall effect of an increase in reflectivity of the back­
ground on the melanophores of various pattern-units of the long black- 
adapted fish Bl was the concentration of melanosomes and the lowering 
of the M.M.I. values. The pale fleck melanophores aggregated their 
melanosomes fron M.M.I. 3.2 following 24 hours on black to 2.08 
on DOI 0 of series (ii), with an overall change of 1.12. The melano­
somes were aggregated in varying proportions on different DOIs; max­
imally on DOI 2 (Table 18 (ii), Figure 4-6 and Plate 4-66). The
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melanophores in the surrounding area of the pale patch showed a bigger 
range of melanosomal-aggregation from 4-46 - 2.14 (= 2,32). This chan­
ge was greatly performed during the exposure of this fish to D.O.I. 6 
of the series (Table 18 (ii), Figure 4-7 .and Plate 4-66). The melano­
phores in the light area of the dark patch reduced M.M.I. 3.9 on 
black to 1.92 on D.O.I, 0 and the overall change (= I.98) was greatly 
accomplished during exposure to D.O.I. 6 (Table 18(ii). Figure 4-8 
and Plate 4-66). TheM.M.I. 5.O of the melanophores in the dark area 
of the.dark patch was reduced to 2.62 on D.O.I. 0 of series (ii), with 
an overall change equalling 2.38. The greater part of the overall 
change was achieved on D.O.I. 6 and 4 (Table 18(ii). Figure 4-9 and 
Plate 4-66).
The only evident signs of any possible hormonal-interference are
in the dark patch melanophores of the long black-adapted fish. Chang­
ing the black background to D.O.I. 6 grey results in an immediate decre­
ase in the M.M.I. value from 3*9 to 2.34 in the light area and a furhter 
rise from 2.34 to 3»1 in 1 hour on D.O.I. 6. The subsequent response 
is then a gradual aggregation of the pigment (see Table l7(ii)). The 
dark area melanophores also responded in a more or less similar manner: 
reducing M.M.I. 5 on black to 4*2 on D.O.I. 6 in the first hour of 
exposure and then by raising this value to 4»66 in the second -g- hour 
reading. The initial fall in the M.M.I. value is perhaps due to the 
activity of the neural component of the animal and this is then assisted 
by the darkening hormone, accumulated during the long period of black- 
adaptation (see section 4-3.6).
4.3-6 Conclusions and discussion.
The results obtained in Section 4-3 support those of Section 4-2
in that the background-history of a fish is an important factor in
determining its chromatic response. The proportion of light reflected 
from the background plays an important part in determining the differ­
ential responses of the different pattern-units (Figure 4-2 to 4-9)- 
Adaptation of fishes, differing in their previous adaptation, to white 
or to black for 24 hours produced some physiological adjustments in 
these animals to result in melanosomal-aggregation or dispersion in 
the melanophores of their pattern-units. The subsequent exposure to 
greys with D.O.I. 2 to 8 in series (i) and to D.O.I. 6 to 0 in series
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(ii) influenced the initiation of melanosomal-dispersion and aggregation 
in melanophores of pattern-units respectively. (The melanosomal 
movements within the pigment cells in the pale fleck of fish 1 on 
series in which reflectivity increased was an exception to this general­
ization (see page 17?))• The M.M.I. values of each pattern-unit diff­
ered on the two series of grey backgrounds for the same duration of 
exposure to each D.O.I. in all these animals. This could be because 
the physiological conditions in each fish were entirely different at 
that moment as a result of their different background-histories and 
of 24 hours white or black-adaptation. Adaptation for 24 hours to 
any background should presumably enrich the fishes with corresponding 
and decrease the amount of an opposing hormone. The difference in the 
M.M.I.s of the same representative-area of the pattern of each fish in 
the two series of greys was the result of the dissimilar hormonal 
constitution at the time of observation.
With decrease in the reflectivity of the backgrounds melanophores 
of the dark area in the dark patches of fish 1, 3 and Bl showed more 
pigment-dispersion than did those in the other pattern-units. The 
melanosomal movement was relatively less in the dark area of the dark 
patch in the long white-adapted fish Wl. Increase in background reflec­
tivity resulted in less pigment concentration in the dark area of fishes 
1 and 3, which had a mottled background history after their natural, 
habitat as compared with the melanophores in the pale flecks. This is 
a general trend of these two regions of the pattern-units (i.e., the 
melanophores of the dark areas of the dark patches and those of the 
pale flecks ). The "slow paling bands" referred to by Burton (1975, 
1978) in Pseudopleuronectes americanus are probably similar to the dark 
areas of the dark patches in Pleuronectes platessa. The dark areas in 
the dark patches of the long black- and white-adapted fishes Bl and Wl 
responded in the opposite direction (Figure 4-5) and concentrated their 
melanosomes faster than the cells of the other units. This might be 
explained by the preponderance of the darkening hormone in the long 
black-adapted fish and the super-sensitization of the beta-receptors in 
the long white-adapted fish. Increased senstivity of the long-unused 
beta-receptors in the white-adapted fish was demonstrated on a number of 
occasions by this and other fishes observed during the course of this 
study. Long-adapted fish Wl showed a very pale texture on the white 
background of the container, which indicates a complete aggregation of
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whatever amount of melanin was present in the melanophores. Whenever 
transferred into the "cell" it became slightly greyish in colour due to 
the centrifugal movement of the melanosomes and remained so on the white 
background in the apparatus^ Handling the fishes while confining them 
to their cells always caused some melanosomal movements, but this effect 
vjas nullified within a few minutes on the background to which they were 
subjected. Fishes which remained for over 100 days on white or the 
black backgrounds became slightly darker during their handling for cell- 
confinement,^ but they soon recovered. The higher M.M.I.s in the dark 
area-melanophores of the dark patch in fish Wl are perhaps a product of 
this over-sensitization. The melanophores in the representative pattern- 
units showed a much faster rate of M.M.I.-increase and reached very close 
to the peak value (see Table 16 and Figures 4-2 to 4-5). On the other 
hand, the retinal stimulation causing pigment-aggregation failed to bring 
back the minimal state of pigment-aggregation, although the trend of the 
hormonal composition after that long white-aggregation was more favour­
able for the concentration of melanosomes. The long black-adapted fish 
Bl also showed a marked supersensitivity possibly resulting from sensit­
ization of the long unused alpha-receptors and the melanosomes in all the 
pattern-units were greatly concentrated when retinal stimulation favoured 
pigment-aggregation. Stimuli of the opposite nature could not suffici­
ently redisperse the melanosomes excepting those in the dark area of the 
dark patch. The overall degree of sensitization appears to be less in 
the long black-adapted fish than in the long white-adapted one. This 
may be due to the less speedy removal of the darkening hormone on back­
ground reversal than of the paling hormone (Healey, 195i)«
Supersensitization of the denervated tissue to A and NA has been re­
ported by many workers (Trendelenburg, 1963, 1966; Thoenen, 1972; 
Burnstock and Costa, 1975 for review). A similar sensitivity of the 
denervated melanophores has been observed in Phoxinus phoxinus (Gray,1956). 
Hyperactivity of the effector cells through the supersensitization of any 
specific receptor-site remains to be investigated.
The difference in the response of the pigment cells belonging to 
different pattern-units seems to be either an inherent variability in 
their response to the stimuli of the same nature or the result of a 
difference in the population of the two kinds of receptors on them ,
(Miyashita and Pujii, 1975) (see pages 290 - 2§2 ).
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4. 4 THE EFFECT UPON NEURALLY CONTROLLED CHROMATIC BEHAVIOUR OF 
ALTERING THE REFLECTIVITY OF A PATTERNED BACKGROUND BY 
CHANGING THE D.O.I. OF A PATTERN OF CIRCULAR SPOTS OR BY CHANGING 
.THE D.O.I. OF THE GROUND OUTSIDE THE SPOTS.
The response of a flatfish to patterns of black and white depends 
not only on the size of the separate elements of the pattern and the 
distance between them but also upon the total amount of light reflected 
from the patterned background. Within limits the effect of total reflec­
ted light is not so obvious as are differences in the skin pattern. 
However, as the total reflectivity of the background falls through in­
crease in size or proximity of black elements on a white ground or thro­
ugh decrease in size and proximity of white elements on a black ground 
and the background therefore tends to 'blackness' or 'whiteness', so 
the overall tint of the fish must become darker or paler.
Mast (19I6) subjected Paralichthys albiguttus to some artificial 
backgrounds of white and black with circular spots of opposite tint on 
them. The spots varied in their diameter and the distance between 
them so that the relative amounts of black and white in the backgrounds 
were altered. Mast observed that the larger the proportion of the 
background covered by the black area the larger the proportion of 
black in the skin and vice versa, and the smaller the black and white 
areas in the background the smaller those in the skin. In his exper­
iments circular spots of O .5 mm. diameter failed to produce any black 
spots (= dark patches) in the skin even when they were 2.5 mm. apart, 
while circular spots 1 mm. in diameter, 10 mm. apart, could produce one 
of the dark patches in the integument. In the first case the percent­
age of black was more than 4 times (3.39A  than the latter (0.79^)*
Mast gave no details of the 'dark spot' developed on the skin of the 
fish and his observations can not be given any numerical significance. 
Moreover, he was dealing with relatively large fish and with circular 
spots that were very small. He left his fish on these backgrounds for 
many hours to some days.
It is not clear from the work of Mast (19I6) what relation the total 
pattern developed by the fishes bore to the reflectivity of the back­
ground pattern. Two approaches have been attempted with regard to 
this question, firstly through altering the degree of reflection of
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light from the pattern elements or from their surrounding ground ( this 
section), and secondly through gradual break up of the pattern into 
rings (Section 4-5).
4 .4.1 Introduction.
The reflectivity of the background influences the colour change 
behaviour of chromatically-active fishes. Both transient and quantit­
ative colour changes are greatly affected in the flatfishes and other 
teleosts by the change in the reflectivity of the plain background 
(see Section 4.3). Reflectivity of a plain background has a profound 
effect on the pattern of the plaic and the melanophores constituting 
yarious pattern-units are differentially influenced. Adaptation of the 
plaice to a patterned background is a much more complex phenomenon and 
involves greater differential changes in the pattern-units. Varying 
the reflectivity of one of the two components of a patterned background 
of filled circles (i.e., either the continuous ground or of the discrete 
circles on it) while keeping the other constant could give some clue to 
the mechanism controlling the dimensions and colour of the pattern 
developed on the skin. Such a study could also indicate the different­
ial effects of the change in the background reflectivity on the melano­
phores occupying the different pattern-units of the fish.
In the study of this section the plaice were exposed to a series of 
backgrounds in which either the reflectivity of the ground or that of 
the circular spots changes while the tint of the other component of the 
patterned background remained unaltered. In order to avoid any 'facili­
tation' (as described in Section 4 .6.6) the presentation of the back­
grounds in each series was staggered. The background with D.O.I. 8(i) 
in any of its components was changed with that having D.O.I. 4(i), then 
with D.O.I. 6, with D.O.I. 2, with D.O.I. 4(ü) and finally with D.O.I. 
8(ii) again ( the figures in brackets indicate the number of times the 
fish has been on a particular background). Similarly whenever the 
initial background of a series had D.O.I. 0(i) in any part of its patt­
ern, the fishes were subjected to D.O.I. 4(i) — D.O.I. 6 — D.O.I. 2 — 
D.O.I. 4(ii) and finally to D.O.I. 0(ii).
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4•4•2 ■ Method.
Pishes 1 and 3 (from a mottled background) were used in this experi­
ment. Each fish was exposed for hour to each background of a series 
and the chromatic behaviour was recorded as usual. The background 
series used initially were (i) black circular spots ^  ^ and I/3 2 on 
white and (ii) white circular spots %  f and I/32 i  on black. In both 
these series the reflectivity of one of the two components was changed 
in serially arranged steps from D.O.I. 8 (or O) to D.O.I. 4 - , 6 - 2 - 4 -  
to D.O.I. 8 ( or 0) again, while the reflectivity of the other component 
remained stable. After retaining the fishes for 24 hours on the mottled 
stock-tank they were then subjected to the reverse situation in which 
the D.O.I. of the previous stable component was changed in similar steps 
to those in the previous recordings. The results were prepared as des­
cribed in Section 2.3*
M.M.I. values in the melanophores of different pattern-units of these 
animals were compared with each other for an approximate evaluation of 
the effect of the change in reflectivity of the background on the chrom­
atic responses. This comparison indicated some association of the 
chromatic activities of various pattern-units to the change in reflect­
ivity of the ground or of the circular spots in backgrounds which origi­
nally have 1:1 ratio of black and white on them (i.e., background with 
1/32 %  spots) or nearly 1:1 ratio (i.e., background with %  spots).
Since the overall change in M.I. was generally not so great and the 
range of the maximum to minimum values was narrow, such a comparison 
could be considered reliable for backgrounds having 1:1 or nearly 1:1 
ratio of black and white.
4.4*3 Adaptive changes in the plaice associated with the change in the 
reflectivity of the two components of the patterned backgrounds.
4 .4*3*1 Chromatic responses of fishes 1 and 3 to white backgrounds
with black circular spots %  % and l/32 -z- and to black
backgrounds with white circular spots % %  and 1/32 T.
Both fishes 1 and 3 demonstrated the adaptive changes to these back­
grounds as described in Section 3.5*2, pages 98 - 101 * The integu-
201.
mentary pattern formed on the initial black or white backgrounds 
remained more or less unchanged on the subsequent backgrounds in a 
series. Changing the reflectivity of any one component generally resul­
ted in the change of the overall tint of the integument while the dimen­
sions of the pattern-units appeared to remain unchanged (Plates 4-67; 
4-69; 4-71; 4-73)» These observations were confirmed by studying the
photomicrographs of the representative pattern-units of these animals on 
different backgrounds before any changes in the reflectivity (see Plates 
4-68; 4-70; 4-72; 4-74).
4.4*3.2 Response of the plaice to the change in the reflectivity of a 
white ground with stable black spots.
Exposure of the two fishes to backgrounds l/32 %  and %  for
-g- hour resulted in the pattern described earlier (Section 3.5.2).
When the D.O.I. of the white ground was changed to the serially arranged 
backgrounds having D.O.I. 4 - 6 - 2 - 4 - O i n  the ground the two fishes 
responded by showing slight changes in the various parts of the integu­
mentary pattern (Plate 4-67). The nature of the pattern that was ob­
tained on the initial background persisted throughout their stay on 
these serially arranged backgrounds but they showed fluctuations in 
the M.M.I.s of their pattern-units which greatly varied the tone of the 
general integument, keeping the general structure of the basic pattern 
intact. Individual variation in the responses of the two fishes was 
also evident, fish 3 being a much better adapter than fish 1. Pish 1 
was comparatively more influenced by the background with D.O.I. 4, 
while fish 3 responded more to D.O.I. 6 (Plate 4-67.à) by becoming sli­
ghtly darker.
The micrographs taken after -J- hour exposure to each of these back­
grounds confirm the trend of adaptive changes in the two fishes (see 
Table 19, Plate 4-68). The difference in the responses of the pattern- 
units of fish 1 towards the backgrounds %  -f- having different reflect­
ivity of their ground can not be correlated with the results obtained 
with plain backgrounds having different reflectivities. Pish 1, 
showed maximal melanosomal-dispersion and higher M.M.I.s in the melano­
phores of the pale fleck (2.46), light area (2.l) and dark area of the 
dark patch (3.28) within -J- hour on the background having D.O.I. 4 (and 
not D.O.I. 6 as expected, on which the M.M.I.s were less). The melano­
phores in the surrounding area of the pale patch, on the other hand.
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had their highest M.M.I, on haokground with D.O.I. 0(ii). Pish 3 
showed the expected highest M.M.I. values on D.O.I. 6 of back­
ground having 3-54, 2.32, 4 .06 and 4-56 values in its pale fleck, the 
surrounding area, the light and the dark areas of the dark patch respec­
tively (see Plate 4-68).
The two otherwise differentially responding individuals had the 
peak M.M.I. values on the D.O.I. 4(ii) of the ground of 1/32 back­
grounds with black spots on white (see Table 19).
The overall change of M.M.I.s in the different colour pa,ttern—units 
varied in both these fishes. In fish 1, the most sensitive pattern 
unit to the change of reflectivity of the ground in the patterned back­
ground was the pale fleck, in which the melanophores recorded an overall 
change of 1.42 and 2.84 in background series %  -J- and 1/32 %  respect­
ively. Next were the melanophores in the light area of the dark patch 
with 0.94 and 1 .0 change, followed by those of the dark area of the dark 
patch, which had an overall change of O .9 and O.7 for the two series 
respectively. The cells which appeared to remain the least affected 
were the melanophores in the surrounding area of the pale patch, which 
recorded an overall change, of 0.34 and O .52 to background i  -J and 1/32  
4" respectively. Fish 3 showed the melanophores in the light area of 
the dark patch to be the most sensitive to the change in background 
reflectivity of backgrounds %  -J and 1/32 %  and had an overall change
of 2.86 and 2.34, followed by those on the pale fleck with 2.32 and 
1.92 respectively. Next to these were the melanophores of the surroun­
ding area in the pale patch with a total change of O.96 and I.56. The 
least affected melanophores in the case of fish 3 were those in the dark 
area of the dark patch, which recorded an overall change equal to O -84 
and 1.04 on series of %  and 1/32 %  backgrounds.
4.4 *3.3 Response of the plaice to the change in the reflectivity of 
a black ground with stable white spots.
Exposing the fishes 1 and 3 to backgrounds -J-• and 1/32 %with a 
black ground and white spots resulted in the characteristic pattern in 
these fishes (Section 3.5*2) excepting that the pale flecks and the 
white spots were more prominent and reduced in size. The change of 
D.O.I. of the black ground of background %  % by serially arranged back­
grounds with D.O.I. 8 - 4 - 6  - 2 -  4(ii) - 8(ii) caused very little
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change in the structure of the pattern once achieved by the two fishes 
and the only obvious variation was in the tone of the integument 
(Plate 4-69). Fish 3 appeared to bé a better adapter to the back­
ground with D.O.I. 4(i) in its ground than fish 1.
Changing the reflectivity of the ground of background 1/32 appear­
ed to have affected the tint of the integument and this change was more 
pronounced in both the fishes during their stay on l/3 2 %  series than
on %  J background series.
Both the fishes were observed to have become very pale in response 
to the ground with D.O.I. 2 of the two kinds of pattern (Plate 4-69.d). 
This was not unexpected, because the ligth reflected from this back­
ground was far more than from any other.
The study of the micrographs revealed that, though the general macro­
scopic structure of the pattern of either fish looked slightly varied 
from that described earlier (section 3.5*2), there was a big difference 
in the M.M.I.s of the pale fleck and the surrounding area of the two . 
fishes on both the backgrounds (of. Tables 3 and 20 and see Plate 4-70)* 
The difference could either be due to 'facilitation' through the repeti­
tion in exposing to the same background or due to variability of 
response of the same animal from time to time (Mast, I9I6; Osborn 
1939a.). Table 20 sums up the extent of the chromatic changes brought 
about under the influence of the change of D.O.I.s of the black ground 
in the two background series with stable white circular spots. The 
change in reflectivity caused the melanosomal movement in both directions, 
as was observed in the similar study in which the D.O.I.s of the white 
ground changed (pages 201 - 203). Maximal dispersion in the pale fleck- 
melanophores, and so the highest M.I. (1.36) was observed on background 
-J- %  with ground D.O.I. 4(i) in fish 1, while fish 3 recorded its peak 
M.M.I. value (I.88) for this part of the pattern on D.O.I. 6 of the 
same background. The least dispersed state of melanosomes in the pale 
fleck melanophores during this series of backgrounds (% %), was observ­
ed after -J- hour exposure of both fishes to the background with D.O.I. 8 
(i) and this accounts for the prominence of the pale flecks in the gener­
al pattern. The minimum M.M.I.s for this pattem-unit in fish 1 and 3 
on initial background was 1.1 and 1.7 respectively (Table 20).
The greatest melanosomal-dispersion in the other pattem-unit stud- , 
ied in the present experiment (the surrounding area in the pale patch) 
was observed after -g- hour exposure to the %  % background with ground
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U.C.I. 8(i) and the M.M.I.s were I.98 and 3-1 for fish 1 and 3 respec­
tively. The minimum M.M.I.s for this group of cells in the pattern 
were observed when the fishes were exposed to ground D.O.I. 2 of %  ^ 
series (I.8 and I.98 in fish 1 and 3 respectively) (Plate 4-70).
Exposure to background series 1/32 produced higher M.M.I.s in 
melanophores of the pale flecks on D.O.I. 2 (1.22 and 2.02 in fishes 1 
and 3 respectively), while the least dispersed melanosome-state was a 
characteristic feature of the background with D.O.I. 8(i) of its ground 
(1.18 ^ d  1.42 in fishes 1 and 3 respectively). The melanophores in 
the surrounding areas of the pale patches in the two fishes had their 
peaks of M.M.I.s on background with ground D.O.I. 6 (2.6 and 2.9 in fish 
1 and 3 respectively) and the least value on background with D.O.I. 8(i) 
for fish 1 (M.M.I. 2.2) and that with D.O.I. 2 on fish 3 (M.M.I. 2.16) 
(Table 20).
The overall change in M.M.I. values tabulated from the micrographs 
of these series of backgrounds indicated that the melanophores in the 
pale fleck of fish 1 responded most to the change in the reflectivity 
of the ground of the patterned backgrounds, by having undergone a 
change equal to 0.26 and 1.02 on background series -J and 1/32 ir­
respectively. The corresponding change in the melanophores of the 
surrounding area in the pale patch was equal to O.I8 and O .4 for back­
ground series %  ^ and l/32 %  respectively. Fish 3, however, differed
from fish 1 in the response of the pattern units during its exposure 
to the two series of backgrounds and the melanophores of the pale fleck 
recorded much less change on -J series (0.I8 in all) as compared with 
its melanophores in the surrounding area of the pale patch (l.l2)
(Table 20). Similarly the overall M. I. change was less in the melano­
phores of the pale fleck (0.6) during its stay on the background series 
1/32 and was more in the melanophores of the surrounding area of 
the pale patch (0.74) on the same series.
•
4.4»3-4 Response of the plaice to the change in the reflectivity of
the white circular spots with stable black ground.
'
hour exposure of the two fishes 1 and 3 led to the appearance 
of the characteristic pattern on their integument, as described in 
Section 3.5*2. Changing the D.O.I. of the white circular spots in 
the background series from D.O.I. 0(i) - 4(i) - 6 - 2 - 4(ii) “ 0(H)
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in the stable black background caused a sizeable change in the pattern 
of the fishes. The changes in the reflectivity mainly affected the 
contrast of the pattern once achieved after hour exposure to the 
initial background and the change in the contrast of the integumentary 
pattern was more significant during background series I/32 than -f. 
The white spots, the pale flecks, the dark patches and zones were 
affected more than the pale areas of the pale zones (see Plate 4-71j.
Table 21 shows the sequence of the chromatic changes in the two 
fishes under the influence of the changing reflectivity in the circular 
spots of the patterned background. In fish 1, the maximal dispersion 
of the melanosomes in the melanophores of the pale fleck (M.M.I. I.74) 
and those in the surrounding area in the pale patch (M.M.I. 2.76) was 
observed when the D.O.I. of the circular spots was 4(i) in the back­
ground series %  -J, while the melanophores in the light and the dark 
areas of the dark patch had their maximum values (2.42 and 3*6 respect­
ively) on background %  %  with D.O.I. 6 of its circular spots. On the 
other hand, fish 3 had the highest M.M.I. values for the pale fleck 
(2.12) and the surrounding area in the pale patch (2.76) when the D.O.I. 
of the spots was 6 and the light area (3.02) and the dark area (4 *52) 
on D.O.I. 0(ii) of the circular spots (Table 21, Plate 4-72).
The change of the D.O.I. of.the small circular spots in background 
series I/3 2 -J- called forth relatively greater chromatic changes in
the two animals. The melanophores in the pale fleck in fish 1 showed 
the greater dispersion (M.M.I. 2.34) on the background with D.O.I. 4(ii) 
of its spots. The melanophores of the surrounding area in the pale 
patch had their maximum (M.M.I. 2.64) on spots D.O.I. 2, while the 
light and the dark areas in the dark patch had their highest M.M.I.s 
(2.64 and 3.32 respectively) when the D.O.I. of the spots in the back^ 
ground l/32 %  was 6. The pattern-units of' fish 3 showed variations
in their adaptive responses to the change of D.O.I.s of the spots in 
the patterned background series 1/32 %. The highest values in the
melanophores of the pale fleck (3.22) were achieved with the spots 
D.O.I. 6, those of the surrounding area of the pale patch (3.24) and 
the melanophores in the light area of the dark patch (3.28) on spots 
D.O.I. 4(ii) and those of the dark area of the dark patch (4.2) with 
the spots D.O.I. 0(ii).
The representative pattern-units of the two fishes, however,
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remained consistent in their overall response to the two background— 
series by showing greater changes on background series 1/32 ^ than on
i  j-. In fish 1 and 3 the melanophores in the pale flecks, being the 
most responsive ones, showed maximum fluctuations in their M.M.I.s 
(0 .64 and 0.74 on background series i  -f and 1.16 and 1.86 on series 
1/32 %  respectively), followed by those in the light area of the dark
patch (0 .7 and O .78 for %  % and I .4 and 1.88 respectively on I/3 2 %  
series). The melanophores of the dark area in the dark patch were the 
third in this list showing O .38 and 0.6 in fish 1 and 3 respectively on
background series %  and O .72 and 0.86 on I/3 2 %  respectively. The
least affected melanophores in fish 1 and 3 were those in the surrounding 
areas in the pale patches, which recorded a total change of O.O8 and 
0.32 respectively on -J- -J series and a higher change of 0.32 and O .42  
on 1/32 %  series respectively.
4.4*3.5 Response of the plaice to the change in the reflectivity of 
the black circular spots with stable white ground.
The patterns formed on the two backgrounds after hour exposure of 
fishes 1 and 3 have been described earlier (Section 3.5.2). Change in 
the D.O.I. 8 of the circular spots from 8(i) - 4(i) - 6 - 2 - 4(ii) - 
8(ii) resulted in change in the contrast of the pattern formed on back­
ground with spots D.O.I. 8(i)(Plate 4-73). Considerable paling was 
observed in the dark patches and the dark zones of both the fishes 
when the D.O.I. of the spots was 2 (Plate 4-73.d). On the whole there 
was no significant change in the macro- or microscopic structure 
observed in the pale flecks and the white spots of both the fishes
(see Plates 4-73 and 4-74).
Table 22 sums up the changes of M.M.I.s in the representative 
pattern-units in fishes 1 and 3 during their stay on the two series of 
backgrounds. Micrographs of the pale fleck and the dark area in the 
pale patch in fish 1, indicate the highest M.M.I.s (I.42 and 3.38 
respectively) because of pigment-dispersion in the melanophores in them, 
in response to the background %  -J with D.O.I. 6 of the spots. The 
melanophores of the surrounding area of the pale patch had their high­
est M.M.I.s (2.8) on background with spots having D.O.I. 4(ii), while 
the cells in the light area of the dark patch showed maximum pigment- 
dispersion of the magnitude of. 2.22 on background with spots of D.O.I.
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8(ii). The peak M.M.I, values of the fish 3 on this series of "back­
grounds were 1.26 on spots of D.O.I. 6 for the pale fleck; 2.08 on
spots of D.O.I. 8(ii) for the surrounding area of the pale patch melano­
phores; 1.3 and 3.78 on spots'of D.O.I. 8(i) for the light and the 
dark areas of the dark patch respectively.
The melanophores in the pale flecks of both the fishes responded 
rather differently to the two series of backgrounds. In fish 1, the 
peak dispersion of melanosomes (M.M.I. 2.28) was seen on spots with 
D.O.I. 8(ii) and a minimum on D.O.I. 8(i). In fish 3, on the other 
hand, the maximum (M.M.I. 1.52) was recorded on spots with D.O.I. 8(i) 
and (ii) and minimum (M.M.I. 1.44) on spots of'D.O.I. 2 (see Plate
4-74).. The highest M.M.I. value, 2.58, of the melanophores in the
surrounding area of the pale patch was reached in fish 1 on background 
vjith spots having D.O.I. 6, while the highest value in the identical 
area in fish 3 (M.M.I. 2.9) was arrived on background with spots of 
D.O.I. 8(i).
4,44 CONCLUSIONS.
- The change in the reflectivity affects the melanophores in the 
different pattern-units to different extents and as a result gross 
changes in the tint of the integumentary pattern are brought about 
while the gross appearance of the pattern as a whole remains unchanged 
(Plates 4-67 - 4-74).
The differential effect of the change in the reflectivity of the 
two components on the representative pattern-units is, in general, 
consistent with the results obtained so far with plain backgrounds of 
different D.O.I. (Section 4»3). The melanophores in the pale flecks 
and those in the light areas of the dark patches tend to respond in 
the same direction as has been observed with plain backgrounds (Section 
4 .3.5. ). These cells are the most responsive melanophores to the
change in the reflectivity of the white components of patterned back­
grounds which were used ( having 1:1 or nearly 1:1 ratio of black and 
white). The melanophores in the surrounding areas of the pale 
patches and those in the dark areas of the dark patches are relatively 
less influenced by the change in the reflectivity of the white components 
of the patterned backgrounds used (Sections 4*4.3.2 and 4«4.3.4).
This situation in general is reversed with the cliange of the reflect-
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ivity of the black components of the patterned backgrounds. The 
surrounding areas in the pale patches and the dark areas of the dark 
patches are more influenced by this change than are the melanophores 
in the pale flecks and the light areas in the pale patches (excepting 
on background series l/32 see Sections 4.4 .3.3; 4 .4.3.5).
In general one can say that an alteration of the reflectivity of 
either the pattern of separate circles or of the ground is followed by 
corresponding changes of the tint of the pattern developed in the skin. 
The size of the pattern, so far as it appears to the naked eye, does not 
change. At the microscopic level the size of the pattern-unit seems 
to remain unchanged although the state of dispersion in adjacent areas 
makes it difficult to distinguish boundary regions (see Section 4.5.6  
as well).
4 .5  THE effect upon NEURALLY CONTROLLED CHROMATIC BEHAVIOUR OF 
• CHANGING A PATTERN OF CIRCULAR SPOTS BY STAGES TO i THIR RING 
OF THE SAME DIAMETER.
4 .5*1 Introduction.
In this section an attempt has been made to examine the effect of 
gradually breaking up of the pattern into rings (see Section 4*4).
The fish were exposed to a series of backgrounds, each with circular 
spots of a given dimension and a given distance apart. The initial 
exposure was, for example, to a pattern of solid circular black spots 
on a white background. This pattern was replaced by the second in 
the series in which these black spots contained a small central spot 
of white of known diameter. The diameter of the inner white spots 
increased regularly in the subsequent backgrounds until the initially 
completely black spots of the original background were reduced to thin 
black lines. Observations were made using spots of different sizes 
both black on white and white on black. The chromatic behaviour of 
individual fish obtained in this way was compared with that recorded 
by altering the proportion of black and white in the background 
through change of D.O.I. of the spots (Section 4*4)*
213.
4*5.2 Method.
Pish 1 and 6 were used in the present investigation. Each fish 
was exposed for ■§■ hour to eaoh background in one series and photographic 
records of the entire fish and those of the representative pattern- 
units were taken as usual. At the end of each series the fish was 
photographed after exposure for hour to either a plain white background 
if the series was so arranged that the proportion of white gradually- 
increased, or to a plain black background if the proportion of black was 
increasing in the series. The fish was then returned to the stock- 
tank for an overnight stay before being exposed for the next observation. 
The method adopted to prepare the results was as in Section 2.3. The 
proportion of black and white was measured by calculating the area 
covered by these on each background. Plain white and black backgrounds 
were considered as having cent percent white and black although the 
black reflects 2.8^ of the incident light and the white only 71^* The 
proportion of black and white in each background, calculated in this 
way, has been indicated in Tables 23 and 24, and used to construct 
graphs in Figures 4-10 and 4-11.
4*5*3 Effect of changing the ground pattern from a solid circular 
spot to a ring on the integumentary pattern of the plaice.
The integumentary patterns formed by these animals changed consider­
ably in their structure and tint following the change of backgroimd 
pattern from solid spots to the rings (Plates 4-75» 4-76 and 4-79)*
There appeared little difference in the macroscopic structure of the 
pattern on backgrounds with rings of different dimensions unless they 
became very thin (cf. Plate 4-75*% with 4-75*e; 4-76.b with 4-76.c; 
4-79*% with 4-79*c ). The changes in the structure and tint of the 
integumentary pattern of these fishes were comparatively slight with 
their exposure to a uniform black or white background from the back­
grounds with thinnest rings. The patterns in the skin on backgrounds 
with thinnest rings appeared to have more affinity with those formed 
on the plain black or white backgrounds (of. Plate 4-75*e with 4-75*f»- 
4-76*0 with 4-76.d; 4-79*c with 4-79*d)* All these backgrounds with 
thinnest rings have either 4 *• of black or of white in them. The 
backgrounds having solid rings usually produced a better contrast in
214.
the integumentary pattern which was gradually lost on those with rings 
or plain black and white (Plates 4-75» 4-76; 4-79)*
4*5*4 Response of the plaice to the increase in the proportion of 
black in the patterned backgrounds produced by changing white 
solid circles to rings.
In the following pages of this section an attempt has been made to 
determine the effect of the change in the reflectivity of the patterned 
background (assessed in terms of black:white proportion) on its 
melanophore activity. The M.M.I. values obtained on different back­
grounds of the series have been compared with each other and this 
comparison seems to be justified since the absolute M.I. values concer­
ned generally lie within a narrow range.•
• Table 23 demonstrates the chromatic changes in the representative 
pattern-units when the proportion of the black in the underlying back­
ground was gradually raised from 56 to 100^ in background series IB and 
from 78 to 100^ in series No. 2B. The general trend in the response of 
both the fishes, as indicated by the study of the records of their 
entire pattern and by the photomicrographs of the representative pattern- 
units, was (i)to disperse the pigment differentially to acquire consider­
able contrast and (ii) to become uniformly dark with an increase in 
the proportion of black (and so a decrease in the overall reflectivity) 
in the patterned background. The pale flecks, which were differential­
ly prominent on the initial backgrounds of either series became in­
creasingly indistinct with the increase in proportion of black in the 
background. This was achieved by the dispersion of the melanosomes 
in the melanophores of this region of the pattern in both fishes 1 and 
6 on background series IB (Plate 4—77) and in fish 6 (the only fish 
examined) bn series IB. On series IB, the melanophores in the pale 
fleck of fish 6 responded to the change of background pattern from 
i - f  (with %io of black) to i  l/l6 Î  (with 67fo of black) by raising 
the M.M.I. values from I.98 to 2.86. Pish.l, on the other hand,
increased the M.M.I. by 0.04 only thus affecting its prominence very 
little. On background %  3/16 i (with 89^ of black) both the fishes 
had reached the peak values (4*7 and 4*26 in fish 6 and 1 respectively) 
recording an overall increase of 2.72 and 1.64 which caused their indis­
tinctness in the skin. Exposure of the fishes to a plain black back-
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ground resulted in a decrease of the M.M.I. values in both the fishes 
by 0.52 and I.I4 (in fish 6 and 1 respectively), apparently to achieve 
an equilibrium of plain background adaptation.
The melanophores in the surrounding areas of the pale patches in 
the two fishes followed the trend observed in the melanophores in the 
pale flecks (Plate 4-77). The M.M.I.s 2.44 and 2,46 on the initial ' 
background of series No. IB were gradually raised to 4.26 and 4 .I4 on 
background %  ' 3/I6 % in fishes 6 and 1 respectively (resulting in 
an overall darkening of the integument). These values were then redu­
ced when the fishes encountered the plain black background like those of 
the pale flecks. The total change after their hour exposure to 
4- I/I6 % background was equal to 1 ,7 in fish 6 and 0,64 in fish 1 
and the decrease in response to the total black background equalled 
0,66 and 0 ,6 respectively.
The initially obtained higher values of M.M, I,s in fishes 6 (3.64) 
and 1 (3.12) by the melanophores of the light area of the dark patch 
on background % were reduced following the change of this background 
with the next in the series and the initial values were only exceeded 
after the fish 6 was adapted to -J and fish 1 to %  3/l6 %.
The M.M.I.s obtained on these backgrounds were, however, further raised, 
which caused their indistinctness in the basic pattern of these fishes. 
On the whole, this part of the pattern showed an early decrease in 
M.M.I.s on this background series which caused their prominence in .the 
pattern in the skin, after which the melanophores started redispersing 
their melanosomes and reached higher M.M.I, values, resulting in their 
indistinctness in the integument (see Table 23; Plate 4-78).
• • The response of the melanophores in the dark areas of the dark 
patches of the two fishes were quite consistent when compared with each 
other. Those of fish 6 showed a decrease in M.M.I. value in response 
to background -J- 1/I6 % from that obtained on -J- - %, after which the 
M.M.I, gradually increased and reached 4*58 on -f- and then dropped
again to 4«38 on % 3/Ï6 %  and to 4*26 on. the plain black background
(Table 23; Plate 4-78). Fish 1 showed a more persistent behaviour 
and gradually reduced the initial value of 3.54 on %  -f- to 3.16 on
the plain black background. This trend of gradual reduction of the 
M.M.I. values was interrupted on background %  I/I6 -4 when the M.M.I. 
value 3.34 on %  1/64 t was raised to 3*36.
Fish 6 retained the general trend of the.background series IB of •
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its pale fleck-melanophores on background series 2B. The melanophores 
of the pale fleck reached M.M.I. 1.28 on background 1/32 - to 3.78  
on background 1/32 1/64 f (with 89^ of black) and then fell to M.M.I. 
3.72 on a plain black background. The melanophores in the surrounding 
area of the pale patch and those in the light area of the dark patch 
recorded an uninterrupted increase in M.M.I. value from the initial 
background to that with pure black. The increase in M.M.I. in the 
melanophores of the surrounding area of the pale patch was from 2.22 
to 3.26 (= 1.04) and that in the light area-melanophores was 2.2 to
2.66 (= 0 .46). The initial M.M.I. value in the melanophores in the 
dark area of the dark patch was reduced from 3*4 to 3*3 on background 
1/32 1/256 i and from 3*3 to 3.02 on I/3 2 l/64 f- (i.e. very little 
change) but was then increased on the plain black background and reach­
ed 3.44.
A comparison of all these data indicates a response of these fishes 
of having a more contrasty integumentary pattern when the proportion 
of black in the patterned background v/ith white circular spots of 
i  “ i was 56 .^ With an increase in the proportion up to 61% these 
fishes indicated a trend to lose the contrast of the pattern and this 
trend was intensified on background %  3/l6 % during which all the
melanophores in most of the representative units of the pattern clearly 
underwent pigment-dispersions to a great extent. An aggregation of 
the melanosomes in the melanophores of the two components of the pale 
patch and in those of the dark patches are probably the initial adapt­
ive responses to a plain black background during which the dark patches 
remain distinctly prominent against the darkened ground with slight 
indications of the pale flecks and the white spots.
A trend in the overall darkening of the body was further shovm 
by fish 6 on background series 2B. Variable results with the same 
animal on backgrounds having similar proportions of the black and white 
in them are possibly because of (i) the difference of the pattern on 
them; (ii) the difference in the diameter and the distribution of the 
circular spots which they contain and (iii) the difference in the change 
of the proportional amounts of black and white in the two series (Table
23).
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4»5*5 Response of the plaice to the increase in the proportion of 
white in the patterned background produced by changing black 
solid circles to rings.
Fish 6 was used in this experiment involving four series of back­
grounds of white ground and black spots of various diameters and 
differentially placed on the ground. Fish 1 was exposed to only two 
of these series (series No. IW and 3W). The proportion of white in 
the initial background of these.series of backgrounds varied from 56^
(No. IW), 78^ (No. 2W) and 84^ (No. 3W and 4W) and was raised to 100^ 
by varying steps (see Table 24),
The trend of adaptive responses of these fishes to the background 
series increasing in the proportion of white was relatively more per­
sistent than that of the same animals observed on the background series in 
which the proportion of black was increasing in the backgrounds (Section 
4.5.4)' These fishes were influenced by the increase of white in the 
background to become eventually uniformly pale. The pale flecks and 
the white marginal spots, which were varyingly prominent in both the 
animals on all the background series, became gradually indistinct on 
backgrounds with a greater proportion of white than the initial back­
ground with solid black circular spots and these flecks were ultimately 
obscured through the melanosomal-dispersion in their melanophores on 
plain white background (see Plate 4-79)• (In the whole, the pale zones 
(which remained pale on the initial backgrounds) and the light areas 
of the dark patch (which responded to the initial backgrounds by becom­
ing indistinct) did not change much on all these series of backgrounds 
in both the fishes. The dark patches and the dark zones responded 
to the change in the proportion of white by becoming pale at varying 
rates in the background series (Plate 4-79)»
The M.M.I.s calculated from the micrographs of the representative 
pattern-units and tabulated in Table 24 support the events of the 
paling of the fishes observed macroscopically. The melanophores in 
the pale flecks of fish 6 and fish I showed a gradual increase in the 
M.M.I. values on all the background series and on series No. IVT and 
3N respectively, and of fish 6 on 2W' and 4W (Plate 4-80). back­
ground series No. 2W the increase in proportion from 56^ to 58^ caused  ^
an increase in M.M.I.s equal to O .48 in both fish 6 and 1 and on series 
No. 2W the increase in white from 78^ to 81^ caused an M.M.I. increase
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of 0.5 in fish 6. The increase in M.M.I. values in the pale flecks 
was relatively much smaller in background series having more distinctly 
placed circular spots (i.e., series No. 3W and #). In all the back­
ground series the melanophores in the pale flecks of the fish(es) 
showed highest M.M.I.s on the plain white background although, as 
would be expected, the M.M.I. values differed from each other. The 
total change in M.M.I. value from the initial value on the white back­
ground was higher in background series 1¥ and 2W than in series No. 3W 
and 4¥. This could possibly to be due to the relatively greater 
retinal stimulation of the fishes with a wider range of proportional 
difference in the white of the backgrounds in these series, together 
with other factors such as the difference in size and distribution of 
the circular spots. In fact, this change (2.74 in fish 6 and 2.I4 in 
fish 1) was maximum in background series 1¥ in which the fishes encoun­
tered a range in the proportion of white from ^6% to 100^. Background 
series 2¥ (in which the proportion of white varied from 78^ to 100 )^ 
influenced the melanophores of the pale flecks to change by 2.0 in 
fish 6. The total change of black and white proportion in series No. 
3¥ and 4¥ was within a range of 84^ to 100^ and the corresponding 
change in M.M.I. was 1.88 and O .9 in fishes 6 and 1 respectively on 
series 3W and 0.88 in fish 6 on 4W.
The melanophores in the surrounding areas of the pale patches of 
the two fishes showed very insignificant changes in their pigment dis­
tribution (Plate 4-79)' These changes were in either direction and 
were in all cases less than O .5 in. melanophore-index value (see Table 
24). The total change in the M.M.I.s from the maximum to minimum 
values in these fishes during-their stay on these background series 
was 0.48 in fish 6 and 0.2 in fish 1 on background series 1¥; 0.34 in
fish 6 on series No. 2W; 0.16 in fish 6 and 0.22 in fish 1 on series
No. 3W and 0.3 in fish 6 on series No. 4¥ (Table 24). The increase in 
the M.M.I. values on some backgrounds of rings help in the production 
of a different pattern on the skin (see figures in Plates 4-79
4—80).
The response demonstrated by the melanophores in the light area of 
the dark patch resembled those of the pale fleck on the one hand and 
the melanophores of the surrounding area in the pale patch on the other. 
Exposure to the background series in which the initial backgrounds 
caused mean M._I. 2.9 or higher (series No. 1¥, 2W and 4W for fish 6).
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resulted in a response of the melanophores of this pattern-unit similar 
to those of the surrounding areas of the pale patch (i.e., melanosomal- 
movements in both directions) although the variations were slightly 
higher than the highest value (O.48) observed in those cells (Table 24). 
In those series' in which the initial value was 2.86 or less (series No. 
1¥ for fish 1 and 3¥ for both 6 and l) the response of the melanophores
of the light area of the dark patches followed the response of the
melanophores in the pale flecks (i.e., an uninterrupted melanosomal- 
dispersion with the increase in the proportion of white in the back­
ground). The nSural controlling mechanism to bring about an equilib­
rium can be presumed to control this differential response of melano­
phores on different background series.
The melanophores in the dark areas of the dark patches of both 
fishes were observed to undergo an uninterrupted pigment-aggregation
on all the background series. The lowering of the M.M.I.s in this part
of the pattern of both .fishes on the two background series with a 
wider range of white content (series No. 1¥ (56 - 100^) and 2¥ (7.8 - 
100^)) caused a relatively greater M.M.I. difference from the initial 
values on background with solid spots to the final on the plain white 
background than did the background series with a narrower range (series 
No. 3¥ and 4¥ (84 - 100^) (Table 24). These melanophores in this 
respect resemble those of the pale flecks. The total change in this 
pattern-unit was, however, relatively less than that of the pale fleck 
and was highest in series No. 1¥ (O.92 in fish 6 and O .5 in fish l), 
second highest on background series 2¥ (O.86 in fish 6) and the least 
in 3¥ (0.46 in fish 6 and 0.26 in fish l). Background series 4¥ ■ 
showed an overall change of O.58. in fish 6. The comparisons of the 
changes in M.I. are justified since the absolute M.I. values concerned 
lie within a narrow range.
4.5 .6 Conclusions and discussion.
The results obtained in this experiment support the differential 
responsiveneness of the melanophores in the representative pattern- 
units of both the fishes. The general response of the melanophores 
of the pale flecks and those of the light areas of the dark patches of 
both the fishes resemble each other and the melanophores of the surroun­
ding areas and the dark areas,of the dark patch may differ in their
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behaviour from the melanophores of the former group. However, the 
differential responses of the latter groups of melanophores had been 
very inconsistent and on occasions they had worked against each other 
(Section 4*5»4). It was generally observed that if the range of 
intensity of retinal stimulation (i.e., the range of the total change 
of proportion of black to white in the pattern) was great, the melano­
phores of the surrounding areas of the pale patches and those of the 
dark areas of the dark patches in particular and those in the pale 
fleck and the light areas of the dark patches in general, undergo great- 
ranges in their melanosomâl-distributiôn. These changes were relativ­
ely less and more consistent when the retina was stimulated by smaller 
changes in the proportions of black and white in the underlying back­
grounds. The melanophores of the pale flecks were always the most 
responsive cells in these fishes whatever may be the nature of the 
change. Increase in the proportion of white and of black in the back­
ground resulted in the further dispersion of their melanosomes (Plates 
4-75» 4-76 and 4-79)» The increase in the proportion of white in the 
background caused an uninterrupted increase in the M.M.I.s of these 
cells but increase in black resulted in a steady increase in melanosomal- 
dispersion up to 89^ black after which the pigment became somewhat con­
centrated (see Figures 4-10 and 4-ll)« The melanophores in the light 
areas of the dark patches in both the fishes generally showed uninterr­
upted dispersion of melanosomes like those in the pale flecks, but on 
the whole their response was not as well-defined as that of the pale 
fleck-melanophores. The melanophores in the surrounding areas of the 
pale patches and those in the dark areas of the dark patches of both 
the fishes demonstrated more pigment movements in either direction 
with greater retinal stimulations and less with smaller, but their 
response sometimes differed from each other, as described earlier.
Results obtained with these two fishes, are mostly consistent as 
far as the trend in the differential responses of the different pattern- 
units to the changes in the proportional amounts of black and white in 
the background is concerned. The degree of retinal stimulation 
affected these cells in the two fishes in approximately the same way. 
Increase in the proportion of black in the background generallt result­
ed in an increase in the melanosomal dispersion in all the melanophores, 
at varying rates, up to about (which helped the fish to maintain 
some contrast in the pattern) after which the melanophores of the
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Figure 4-10. Melanophore responses of the integumentary pattern-units
of fish 1 to changes in the ■ reflectivity of the background 
components (measured in terms of B/W ratio). These curves 
were constructed by plotting the M.M.I. values in groups 
of 50 melanophores obtained after ri hour exposure to 
the backgrounds in which the backgiround pattern was 
changed into rings and on plain white and black back­
grounds. Note that the number of deviations from the 
main curve is greater between approximately 1096 and 9096 
reflectivity (indicating that the factors other than 
reflectivity of the background alone affect the chromatic 
activity) and the chromatic activity outside this scale 
(i.e., l6—  90) is mainly determined by the reflectivity 
of the background.
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Figure 4-11, Melanophore responses of the integumentary pattem-units
of fish 6 to changes in the reflectivity of the background 
• components (measured in terms of B/W ratio). See legend 
for Figure 4-10 for further detail. . •
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different units behaved differently to establish the characteristics 
of black-adaptation ( a generally homogeneous dark integument) (see 
Figures 4-10 and 4-H)» Increasing the proportion of white in the 
background resulted in the centrifugal movement of the melanosomes in 
melanophores in all the pattern-units excepting those of the pale flecks, 
The melanophores in the light areas of the dark patches also tended to 
simulate their counterparts (the pale fleck melanophores), but, in 
general, their response was in either direction in fish 6 and towards 
melanosome-dispersion in fish 1.
A minimum amount of ca. 4ÿ of black in the background (in series 
on background l/l6 3/64 5/8 and on background series 4W: %  3/l6 1%-)
was found to be enough to produce the integumentary pattern with enough 
macroscopic contrast. A minimum of 0.7856^ of black, as stated by 
Mast (1916) for Faralichthys albiguttus could well be the minimal amount 
for Pleuronectes platessa. The maximal amount of 89^ of black in the
patterned background is found to be necessary for maintaining a contrast­
ing integumentary pattern. A further increase caused chromatic changes 
leading to the general darkening of the integument.
Comparison of the effects upon the fish of changing the relectivity of 
the patterned background by altering the D.O.I. of the individual 
components and by changing the pattern from one of circular spots to
one of rings.
Varying the size of the circular spots or the distance between, 
altering the degree of reflection of light from the two components of 
the patterned backgrounds and breaking up of the pattern by placing a 
smaller circular spot of opposite tint in the otherwise solid spot 
result in.a change in the relative amount of black and white in the back­
ground. The response of the fish is not determined by the relative , 
proportion of black and white in the background alone and is unpredict­
able on that basis. A fish may have an entirely different pattern on
228.
■backgrounds having e.g., 1:1 ratio of black and white 'but differing 
in having black spots on white i/B2 %  in one case and white spots on 
black in the other. Similarly, backgrounds having the same ratio of
black and white and differing in the size of the figures and the distance
between may produce strikingly different integumentary patterns on 
the fish. Whatever may be the nature of change in the ratio of white: 
black of the background, the response of the fish becomes fairly predic­
table if the proportion of black or white in the background is nearer
to the minimal or maximal re^ectivity (i.e., 4^ or 89^). When the
proportion of white is ca. 9^^ or more, the melanophores in the pale 
fleck, the surrounding area and the light area of the dark patch gener­
ally disperse their melanosomes (see Figures 4-10 and 4-H)» The 
melanosomes in the cells of the dark area of the dark patch are usually 
concentrated. The melanosomes in the pale fleck melanophores and 
those of the light area of the dark patches are generally well-dispersed 
with a decrease in the proportion of white from about 10^. The increa­
se of the dispersion of the melanosomes in melanophores of the pale 
flecks sometimes exceeds the expected limit on plain black or plain 
white because of greater retinal contrast stimulation (see Tables 23,
24 and page222 ). In those cases an equilibrium is reached by an 
aggregation of melanosomes. Melanosomes in the light area of the dark 
patches generally follow the response of the pale fleck melanophores.
The cells of the surrounding area and those of the dark area of the dark 
patches generally disperse their melanosomes with an increase in the 
proportion of black. In some cases an equilibrium of the overstimulat­
ed melanophores of the dark area is achieved by an aggregation of their 
melanosomes on backgrounds having very little white (see Table 23, 24 
and page 222 ).
' It is very probable that factors other than the relative proportion 
■ of black and white in the patterned background have a more significant 
effect on the neurally controlled chromatic activity of the plaice 
over most of B-W scale but the relative black and white ratio within 
the skin pattern is expressed well when this exceeds about $:1 of 
either white or black in the background-pat tern. This tendency of
of the different representative pattern-units thus becomes relatively 
better defined when the proportional amounts of black and white are , 
changed through breaking the pattern than it does by altering the D.O.I.
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of the components of the patterned backgrounds. Changing the reflect­
ivity of the continuous ground of the background of black spots on 
white J  -J and changing the pattern of background of white spots 
on black %  % to rings causes a decrease in the proportion of white 
with more or less identical steps. The M.M.I. values obtained by 
fish 1 on these different backgrounds of the two series were not com­
parable and the general trend of adaptation of the representative 
pattern-units was not similar. The melanophores of the pale fleck 
and the dark area, however, retained an almost identical trend while 
the melanophores of the light area of the dark patches were slightly 
dissimilar and those of the surrounding area of the pale patch entirely 
opposite to each other (of. Tables ^0 and 23). This difference in 
the response of the .same animal on back^ound series in which the 
ratio of b^^k and white altered more or less equally indicates that 
the two methods of producing changes in reflectivity have effects 
which are not directly comparable. The fish responds to the white 
(or black) background having spots of different D.O.I. as to a pattern 
of solid spots. On the other hand, the fish responds to the black 
ground with white rings (or the reverse) as to a completely different 
pattern. The black/white contrast is still complete. The ring 
produces no comparable pattern as such on the skin but merely serves 
to break up the b/w skin pattern into smaller units.
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4.6 ESTIMATION OP TIffi EFFECT CAUSED BY T Œ  SIZE OF TIffi SQUARES IN 
CHECKERBOARD PATTERN BACKGROUNDS ON THE INTEGUMENTARY PATTERN, 
m  T m  PLAICE.
4*6.1 Introduction.
The only attempts to estimate the extent of changes in the pattern
of the flatfishes influenced by the size of the objects in the under­
lying background have been made by Sumner (19II) and Mast (19I6).
Sumner subjected some flatfishes to backgrounds with patterns of various 
sizes and found a' profound effect on the colour pattern of these fishes 
in general and of Rhomboidichthys podas in particular. Subjecting 
the fish to backgrounds with different sized b/w squares (with 0.2, 1.0,
2.0 and 4*5 cm. sides) alternating in checkerboards, led him to believe 
that the degree of the subdivision of the background - independently of 
the relative amounts of black and white - is an important factor in the 
production of the pattern in the skin.
Mast (1916), like Sumner, carried out experiments on Paralichthys 
albiguttus and exposed this fish to backgrounds with squares of 0.2,
0.5 , 1.0 and 2.0 cm. sides and white backgrounds with black circular 
spots of 0.05, 0.1, 0.2, 0 .3 and O .5 cm. diameters, O .25 - 2.0 cm.
apart. He also described that the size of the figures in the back­
ground caused the production of a corresponding change in the skin patt­
ern: the larger figures in the background caused the production of
large dark and pale areas in the pattern and the smaller figures, parti­
cularly the fine checkerboards, made fish become finely mottled. How­
ever, he failed to observe any change leading to "pattern-matching" 
when the diameter of the circular spots was less than 0.1 cm. and the 
fish responded as it would have on a uniform grey background.
Both these authors were fascinated by the response of their animals 
to backgrounds with squares of 0.2 or O .5 cm. sides, on which the fishes 
became finely granulated. Larger squares caused the production of a 
coarse pattern in which the dark and pale areas varied in size to 
some extent on the squares of different size and still larger objects 
failed to produce any more change. ,
A careful study of the photographs of Paralichthys albiguttus on
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squares of 0.2 to 2.0 cm. sides in plate 21 (Mast, I9I6) indicates that 
the pattern of the fish has greatly altered on squares with 0.2 cm. 
sides, while there was not much macroscopically observable difference 
in the pattern on the bigger squares. Since all these changes were 
studied visually and macroscopically and lacked the actual microscopic 
observations of the pattern-change, the extent of the effect of the 
size of the objects in the background upon the chromatic responses of 
the fishes could not be estimated with any accuracy.
4 .6.2 Method. •
The present experiment was conducted with two fishes, fish 1 and 3* 
They were subjected to a series of backgrounds with black and white 
squares of 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 cm. sides for hour on each 
background. When the fishes had been on all the backgrounds of a 
series and arrived at that of 1.0 cm. squares, they were returned to 
the original stock-tank of mottled ground for at least 24 hours. The 
chromatic behaviour of both the fishes was recorded after -g- hour exposure 
to each background of squares. Similarly, these fishes were exposed 
to another series consisting of the same backgrounds, but the squares 
decreased in size in this series, through 1.0, 0.8, 0.6, O.4 , 0.2 cm. 
sided squares, and the fishes were ultimately transferred to a back­
ground with 0.1 cm. squares. They were photographed for their pattern- 
change s on each background as described earlier (Section 2.2.3 page 63 ).
4 .6 .3 Pattern-changes in response to a series of backgrounds with 
squares increasing in size.( 0.1 - 1.0 cm.)
Both the fishes responded to the background with 0.1 cm. squares 
and acquired the patterns described in Section 3.5.2.1.3 (page 101 ).
Fish 3 was, however, relatively the less transformed. Changing this 
background with one which contained squares of 0.2 cm. sides caused 
fish 3 to change greatly, while fish 1 responded by the slight showing 
of the dark patches and the clearing of the pale flecks and the white 
spots (of. Plate 4-82.a with 4-82.b). Fish 3 acquired the basic patt-' 
ern with distinct dark and pale zones, prominent dark patches and well 
cleared pale flecks and the white spots. Further increase in size of
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the squares seemed to show very little effect on the general pattern 
of these fishes (Plate 4-82.c f ), although microscopic studies indi­
cated some chromatic changes leading to the gradual darkening of the 
dark patches and the dark zones; gradual fading of the pale zones; 
prominence of the pale flecks', the white spots and the light areas 
in the dark patches; and the gradual increase in the area of the pale 
patches. On 1.0 cm. squares the fishes appeared to he much better 
adapted and had a pattern characteristic of these squares (Section 
3.5.2.1.3, page 101 ).
4*6.4 Pattern-changes in response to a series of backgrounds with 
squares decreasing in size (l.O - 0.1 cm.).
The pattern on fishes 1 and 3 appeared to undergo very little 
changes with the decrease in size of the squares from 1.0 cm. side to 
0.2 cm. sides (Plate 4-84.a — d). On 0.2 cm. squares both the animals 
showed some changes which were, however, not enough to produce the 
uniformly granulated effects in the pattern characteristic of backgrounds 
with fine squares. The pattern on 0.2 squares resembled more the one 
produced on 0.4 cm. squares in both the cases. Changing the background 
from 0.2 cm. squares to 0.1 cm. squares resulted in a drastic change in 
the pattern of both individuals. On this background, the two fishes 
became finely granulated. The fishes appeared better adapted to this 
than on any previous occasion and were much more granulated with no 
signs of the dark patches, of the dark zones and of the pale zone.
The pale patches and the white spots were more indistinct and the pale 
patches were much reduced (Plate 4-8 4.f ).
4 .6.5 Microscopic observations of the pattern changes of the plaice on 
the two series of squares.
Study of the photomicrographs (Plate 4-8 3 and 4-85 ) reveals the 
sequence of adaptive changes in the representative units of the pattern 
in response to the squares of different size. The M.M.I. values of the 
representative pattern-units on each background are shown in Table 25 •' 
Part (a) of this table indicates the sequence of the changes in M.M.I.
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TABLE 25. M.M.I, values in the representative pattern-units of 
fishes 1 and 3 on series of checkerboards in which the 
size of the squares gradually increased from 0.1 cm. to
1.0 cm. or decreased from 1.0 cm. to 0.1 cm. The M.M.I, 
values in each representative pattern-unit were calcu-
Size of 
squares 
in the 
back­
ground 
in cm.
Pale patch M.M.I. Dark patch M.M.I.
Pale fleck Surrounding area Light area Dark area
Pish 1 Fish 3 Fish 1 Fish 3 Fish 1 Fish 3 Fish 1 Fish 3
(a) 0. 1 - 1.0 cm. squares.
0.1 3.06 1.74 3.46 1.88 2.24 2.42 2.5 2.76
0.2 2.14 1.54 3.04 1.64 1.96 2.2 2.66 2.92
0 .4 2.04 1.52 2-. 84 1.62 1.84 2.08 2.86 3.1
0.6 1.86 1.46 2.58 1.56 1.78 2.06 3.1 3.18
0.8 1.78 1.44 2.52 1.54 1.76 2.03 3.18 3.22
1.0 1.74 1.42 2.38 1.52 1.74 2.00 3.24 3.44
(b) 1.0 - 0.1 cm., squares.
1.0 1.76 1.44 2.52 1.54 1.76 2.05 3.02 3.28
0.8 1.8 1.46 2.56 1.56 1.78 2.08 2.96 3.2
0.6 1.94 1.48 2.6 1.58 1.8 2.10 2.94 3.08
0 .4 2.0 1.5 2.62 1.6 1.82 2.12 2.82 3.04
0.2 2.12 1.52 2.76 1.62 1.92 2.14 2.48 2.9
0.1 3.16 3.08 3.52 3.14 2.26 2.5 2.3 2.6
(c) % age change on each sqüare-size.
0.1
0.2 69.7 62.5 38.9 66.7 56.00 52.4 21.6 23.5
0 .4 7.5 6.25 18.5 5.6 24.00 28.6 27.0 26.5
0.6 13.63 18.75 24.1 16.7 12.00 4.8 32.4 11.8
0.8 6.06 6.25 5 .6 5.6 4.00 7.1 10.8 5.9
1.0 3.03 6.25 12.96 5 .6 4.00 7.1 8.1 32.4
1.0 — — - - — -. - — —
0.8 2.86 1.22 4.00 1.25 4.00 6.7 8.3 11.8
0.6 10.00 1.22 4.00 1.25 ' 4.00 4 .4 2.8 17.6
0 .4 4 .3 1.22 2.00 1.25 4.00 4 .4 16.7 5.9
0.2 8.6 1.22 14.00 1.25 20.00 4 .4 47.2 20.6
0.1 74.29 95.12 76.00 95.00 . 68.00 80.00 25.00 44.1
234.
values of the representative units of fish 1 and 3 produced as a result 
of their -J- hour exposure to checkerboards with squares increasing in 
size from 0.1 to 1.0 cm. The results supported those indicating the 
differential response of the melanophores of different pattern-units.
The variation in the M.M.I. value of each unit caused by the influence 
of the increase in size of the squares indicated that the maximum change 
occurred following the transfer of the individuals from 0.1 to 0.2 cm. 
squares in the pale flecks {69.7% and 62.$^ of the overall change in the 
melanosome movement in fishes 1 and 3 respectively) in the surround­
ing area in the pale patch(38.9^,and 66.7%> of the total change in fishes 
1 and 3 respectively) and in the light area in the dark patches ( 56^ 
and 9^.A% of the total change in fishes 1 and 3 respectively) and the 
trend was towards the aggregation of the melanosomes. The dark areas 
of the dark patches, on the other hand, showed 21.6^ and 23.5^ of the 
overall melanosomal dispersion in fish 1 and fish 3 respectively and 
their responsive trend too is opposite to that of the other represent­
ative units (i.e., dispersion of the melanosomes). Changes following 
the further increase in size of the squares were comparatively low in 
the pattern units other than the dark areas of the dark patches, which, 
however, demonstrated changes of almost equal extent on all the back­
grounds of squares. The change in M.M.I. value was minimum for the 
dark areas in dark patches when the fishes were on background with 
0.8 cm. squares (Table 24 (a). Plates 4-82 and 4-83 )•
Table 24 (b) demonstrates the M.M.I. values of the representative 
pattern-units obtained after having reversed the order of the backgrounds 
of squares. These values showed very slight variations in the extent 
of melanosomal movement on a background with 1.0 cm. to one with 0.4 cm. 
squares (see Plate 4-85.a-d). The M.M.I.s increased slightly follow­
ing -the transfer of the fishes 1 and 3 from background of 0.4 cm. 
squares to those with 0.2 cm. in the pale flecks, the surrounding area 
and the light area of the dark patch and there was a relatively great­
er decrease in the dark area of the dark patch (47*2^ and 20.6% of the 
overall change in the melanosomal movement in fish 1 and 3 repectively) 
(Figures 4-84and 4-S5), Most of the adaptive changes in the pattern of 
these animals and the resultant M.M.I. variations in the representative 
pattern-units occurred following the transfer from 0.2 cm. squares to  ^
0.1 cm. (Plate 4-85.e and f ). These changes in terms of proportion of
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Figure 4-12. Percentage change in the melanosomal movement in the re­
presentative pattem-units of fishes 1 and 3 during their 
adaptation to individual backgrounds of checkerboards 
with squares decreasing in size from 1.0 cm.(shown on the 
left half of the figures) and to squares increasing in 
size from 0.1 - 1.0 cm. (shown on the right). Bars above 
the middle line indicate an increase in the melanosomal- 
dispersion while those below this line show a decrease 
. in dispersion of melanosomes. O is for the pale fleck 
melanophores; ^ for the melanophores in the surrounding 
areas of the pale patches; ^  for the melanophores in 
the ô ^ ’k. areas of the dark patches and n.- for the 
melanophores of the dark areas of the dark patches of 
these animals.
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the overall change in the melanosomal movements equalled 74.3^ and 95.1^ 
in the pale flecks, 76^ and 95^ in the surrounding areas of the pale 
patches, 68% and 80% in the light areas of the dark patches and 2^ %o 
and 44'1^ in the dark areas of the dark aptches of fishes 1.and 3 
(Plate 4“ 84^^^ 4~85 ) respectively.
These results indicated a definite background differentiating mech­
anism in the plaice, fully capable of identifying b/w squares of 0.1 cm. 
sides from 0.2 cm. or bigger sizes and of allowing this difference of 
retinal information to produce entirely different kinds of chromatic 
transformations. This mechanism seemed to be fully equipped with the 
power to differentiate the squares of more than 0.4 cm. sides, but this 
information did not seem to have such a great impact on the neuro- 
chromatic mechanism of the fish as is the effect of the difference in 
the retinal information during adaptation of the fish to 0.1 cm. b/w 
squares or to 0.2 cm. squares, (in all the chromatic changes which occ­
urred during this study the amount of black and white was equally distr­
ibuted). On comparing the M.M.I.'values of the representative areas of 
the two fishes obtained during their exposure to the series of squares 
which gradually increased in size (Table 25 (a)) with those obtained on 
the series in which they decreased in size (Table 25 (b)) it became 
evident that the values of all the pattern-units for each background of 
squares differ from each other in the two series. In the series in 
which the size of the squares decreased the M.M.I. values were generally 
higher in the pale fleck, the surrounding area, and the light area of 
the dark patch and were lower for the dark area of the dark patches 
than those on the series in which the size of squares increased (Table 
25).
Comparison of the M.M.I.s of the representative units of the pattern 
of the two fishes (Table 25 (a) and (b)) also indicates that whenever 
conditions favoured aggregation of the pigment in cells with well- 
dispersed melanosomes, the cells aggregated them comparatively less and 
hence the representative units had higher M.M.I.s as compared with the 
M.M.I.s obtained during the conditions favouring dispersion of the 
well-aggregated melanosomes on the same background of squares.
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4*6.6 Conclusions and discussion.
The present study (Section 4.6) demonstrates the ability of visual 
discrimination in the plaice so far as 'pattern-matching' is concerned. 
These animals can clearly differentiate objects as small as 0.1 cm. 
from those 0.2 cm. or O.4 cm. in the underlying background. The 
plaice have been observed to have differentiated circular spots of 
various diameters from one another in Section 3-5.2. The results of 
this experiment 4*6 support those obtained by workers like Sumner (19II) 
and Mast (I9I6) (page .231). The plaice appear to be better equipped 
to identify and respond to the backgrounds with squares of 0.1 cm. and 
0.2 cm. sides than those with bigger squares. Squares of O.4 cm. or 
more appear to be differentiated from each other but the chromatic chan­
ges under their influence are much less in proportion than those on 
squares of smaller sides (see Table 25 and Plates 4-82 and 4-84).
During this experiment the two fishes encountered each background 
of squares twice under dissimilar conditions i.e., once when the squares 
were increasing in size and once when they were decreasing in size.
They were subjected to 0.1 cm. and 1.0 cm. squares either at the beginn­
ing of the trial or at the end. When these two situations are compared, 
the animals showed much better adaptation to these two particular back­
grounds whenever they were at the end of the series. Consequently the 
M.M.I. values of each representative area differed in the two series.
The difference was, however, maximum on the 0.1 cm. squares in the two 
series in fish 3 in particular. Similarly the 1.0 cm. squares produced 
some difference in the pale fleck, the surrounding area and the light 
area of the dark patch, and a maximum difference in the dark area of 
the dark patch (see Table.25), As described earlier in Section 3*5*2.
2.2 (page 104), higher M.M.I. values of the pale fleck, the surrounding 
area and the light area of the dark patch .and a lower M.M.I. of .the 
dark area of the dark patch result through complete adaptation of the 
fish to 0.1 cm. squares. The opposite happens when the fish adapts 
to 1.0 cm. squares completely. In the present study, the M.M.I. values 
at the end of the series were higher for the pale fleck, the surrounding 
area and the light area of the dark patch and lower for the dark area 
than those obtained at the beginning for 1.0 and 0.1 cm. squares and , 
indicate much better adaptive responses when the fishes passed through 
the series in which the squares gradually increased in size or decreased 
rosoectively. This exhibition of a better adaptive response on the
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part of the plaice can he described as 'facilitation*; exposing the 
fish to backgrounds varying in size in one direction appears to produce 
favourable circumstances which allow"the adaptive effects to be express­
ed better. Repeatedly trying the fish on the same background is known 
to decrease the time required for complete- adaptation (Sumner, I9II;
Mast, 1916; Osborn, 1939a), but whether this training of the fish
influences the adaptibility quantitatively is not known. In the prese­
nt study, however, the fishes demonstrated a better response to 1.0 cm. 
squares, which they encountered for the first time during 0.1 - 1.0 cm.
series than on the same background which they faced for the second
occasion during 1.0 - 0.1 cm. series, or even afterwards, when they were 
directly exposed to it.
Adaptation of the plaice to the patterned backgrounds with squares 
differs from that to the plain backgrounds. The melanophores of the 
pale flecks and white spots, the surrounding areas of the pale patches 
and the light areas of the dark patches work in one direction and those 
of the dark areas of the dark patches in the other (Figures 4-8 3 and 4- 
85 ) to bring about the characteristic changes in the integumentary 
pattern on squares. In case of backgrounds of uniform light shades, 
these are usually the melanophores in the pale flecks (and white spots) 
which ccoperate with those in the light areas of the dark patches. The
melanophores of both the regions differ in their chromatic activity 
from those in the surrounding areas of the pale patches and the dark 
areas in the dark patches. On background of dark shades, melanophores 
in the entire integumentary pattern usually work in one direction to 
result in the darkening of the skin (Section 3*5"1, pages 92 - 93 ). ■
Through combinations of differential activities of the melanophores 
in the integumentary pattem-units, various patterns are produced in 
the skin of a plaice on different backgrounds (Section 3.5*2, pages 98-102) 
This differential response of the melanophores of the same animal can 
possibly be associated with the difference in their innate capabilities 
and/or with the difference in their adrenoceptor-populations (pages 282 
- 283 ). The differences in their response to various backgrounds are 
possibly initiated by differential stimulation of the retinae and the 
central nervous integration mechanism, whose nature is, at present, 
unknown (see pages 290 - 292 as well).
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5 PERCEPTION OF BACKGROUND PATTERN AND ITS EFFECT ON NEURALLY
CONTROLLED CHROMATIC RESPONSES m  THE PLAICE.
5.1 ROLE OF THE EYE IN INTEGUMENTARY PATTERN REGULATION.
5.1.1 Introduction.
The structure of the eye in fishes is similar to that of the land 
vertebrates. However, the cornea is flatter and the lens is spherical. 
The sclera merges into the cornea at the front to constitute the outer 
part of the eye of the fish. The size of the fish eye is generally 
associated with the extent of its vision (Vostradovsky and Haly, 1977).
Eyes are known to be essential in transient colour changes, while 
their presence is of not much significance during quantitiative colour 
changes (Osborn, 1939c, 1940a). Retinal differentiation for perception 
of the immediate surroundings and chromatic behaviour of the teleosts 
has been studied by many workers (Butcher, 1937a, b, 1938; Motokawa,
. I97O; Gentle 1972a). Although the visual acuity in different species 
of flatfishes is likely to differ, the predominently regular cone mosaic 
of the retina of Pleuronectes platessa indicates that it has a fairly 
high degree of acuity (Engstrom, 1963).
The fishes can perceive circular, angular, striped, checkerboards 
and triangular patterns (Sumner, I9II; Mast, I9I6; Groot et al., 1969; 
Motokawa, 1970; Lanzing, 1977).
The retinal stimuli are passed from either eye to the optic tectum 
of the opposite side of the brain, where the retinal images are believed 
to be finally integrated (Gentle, 19711»? 1972a; Iwata and Fukuda, 1973). 
The chromatic fibres of the fish are thus in some way stimulated to . 
produce the characteristic response of these animals to the pattern of 
the background on which the retinae were activated.
Flatfishes have been demonstrated to acquire strikingly different 
patterns when subjected to various patterned backgrounds. The change 
in the basic pattern of the flatfishes under the influence of the pattern 
of the background has been associated with various factors described in 
Section 4»1 (pages 108 - 110). The ratio of direct and reflected
light has also been considered as a factor affecting animal colour 
changes (Keeble and Gamble, 1904; Sumner, 1933 and others). The diff­
erential responsiveness of the melanophores in the different pattern-
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units-of the same animal provides the final mechanism by which the 
'pattern-matching' is achieved.
Both Sumner (19II) and Mast (I9I6) indicated that the responses of 
the flatfishes to a plain background of uniform colour and to a pattern­
ed background of mixed colours are different from each other. They 
observed a marked difference in the integumentary pattern of fishes on 
a plain white (or black) background from that formed on backgrounds with 
a few black (or white) spots on them. This capability of pattern 
recognition is associated with the protruded eyes in these animals and 
their ability to see objects through 180°.
Section 5«1 of the present section was an attempt to find out whether 
the position of the eye in relation with the figures of the patterned 
background has any effect on the chromatic responses of the plaice and 
part 5.2 is the study of the extent of distribution of the stimuli from 
either eye and its effect on the mechanism regulating the integumentary 
pattern in these animals.
5.1 .2  Method.
Pish 1 and 3 were used in this experiment. They were subjected to 
a background with black spots 1/32 1% on white and to a background
with white spots 1/16 1 -J- on black in eight different positions as
shown in Figure 5“1* The fish was observed after maintaining it for 
-g- hour in each position and its chromatic behaviour was recorded as 
before. The background was slightly moved to and fro for positions 
A — D with the movement of the slider in the apparatus, while position 
E was achieved by slowly moving the cell of the fish. Positions F - 
H were obtained by moving the background by the slider. The base of 
the cell was trimmed from the corners to be able to accomodate it in 
the apparatus in the tilted positions E - H of these animals. After 
an overnight stay on the mottled background of the stock—tank, these 
fish were exposed to the two backgrounds in position A(i) - E(i) - 
A(ii) - E(ii) for -g- hour in each position.
Figure 5-1. A schematic representation of the positions of 
the plaice in relation with the figures in the 
background. Positions A ^ H vary the relative 
distance of the background figures from either 
eye and the angle of perception.
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5*1»3- Effect of the position of the eye in relation to the figures in 
the patterned backgrounds on neurally controlled chromâtic 
behaviour.
The macroscopically observed adaptive changes in the integumentary 
patterns of fishes 1 and 3 under the influence of backgrounds of 
black spots on white (l/3 2 1%) and white spots on black (l/l6 1-g)
were essentially similar to those described in Section 3.5*2. Both 
these fishes showed very little of their basic pattern following their 
exposure to the background with black spots l/3 2 l-f- on white (having 
only about 1.8^ of black). On the other hand, their response to the 
background of opposite nature, which contained as much as 95*8^ of 
black in it called forth a very well defined adaptive transformations 
in both fish. (These figures are in terms of the ’black and white’ 
of the pattern).
Maintenance of. these fishes in different positions regarding the 
distance of the circular spots in the background from the eyes and the 
angle at which they were being viewed made little macroscopically 
observable changes in the patterns of the two fishes on a background of 
black spots. These changes were comparatively better distinguishable 
on a background of white spots on black. On the whole, the pattern 
once achieved under the influence of either background when the fishes 
were in position A persisted throughout and was very little altered 
macroscopically in the subsequent positions.
The study of the micrographs of the representative areas in the 
integumentary patterns of these fishes indicated fluctuations of very 
low magnitude in their M.M.I. values obtained in response to each 
position on either background. These minor changes produced very 
little macroscopically observable changes in the integument of these 
fishes in different positions. Changing the position of the eye in 
relation with the figures in the patterned background were not expected 
to cause any significant chromatic transformations as the background 
remained always the same and only the distance of the figures from the 
eye and the angle of vision was changed. The change in angle of vision 
should also be considered with reserve since in no way the fish could 
be expected to have restricted its ability to rotate its eyes thiough 
180°. Table 26 summarises the extent of this change in response to 
the two positions on which it was greatest (A and E) on the two back-
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grounds of opposite nature. The M.M.I. values of each representative 
pattern-unit changed very little with the change of position of the eye 
in relation with the figures in the background and the change following 
each positional change did not exceed 0.36 in fish 1 and 0.7 in fish 3. 
These changes in the M.M.I. values were comparatively greater on the 
background with white spots than on the background of opposite nature 
which explains the better observable macroscopic fluctuations in the 
integumentary patterns of these fishes.
In general, the difference in the response of these fishes to both 
the backgrounds is better-defined when the M.M.I.s in position A are 
compared with those in position E (Plate 5-l)* The changes associated 
with the positional difference were found to be, in general, repeatable 
(e.g. the higher M.M.I.s in position A and less on E were repeated 
following rearrangement for position A(ii) and E(ii) by melanophores 
of the light area in the dark patch of fish 3 on background with white 
spots l/l6 1-g- on black (Table 25)). There were some notable except­
ions (e.g. the pale fleck melanophores of fish 3, which showed higher 
M.M.I.s in position A on the same background (l/l6 1%) and lower
M.M.I.s in position E, which became higher again in position A(ii) but 
did not drop in E(ii) (Table 25)). Such exceptions could well be due 
to the ability to move the eye by these animals.
5.1 .4  Conclusions and discussion.
The results obtained in the present section indicate'that the posit­
ion of the eye in relation with the object in the background affects 
the chromatic behaviour of the fishes. Changing the position of the 
animal on the same background varies the distance of the circular spots 
from the eyes as well as the observed pattern. This variation, in 
general, caused a chromatic response of v^ry low magnitude which was 
hardly detectable at the macroscopic level. The reversible nature 
of the microscopic fluctuations in the melanosomal state of dispersion 
in both the fishes in positions A and E supports this view. Clearly, 
the greater the distance between the elements of the pattern the great­
er will be the effect of changing the position of the fish relative to 
it.
There is a difference in the position of the two eyes in the plaice 
and other flatfishes: left eye in plaice being at a slightly lower
level than the right. This positional variation is caused during the
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migration of the left eye on to the right side at the time of meta­
morphosis. This positional difference between the two eyes leads to a 
situation in which one eye is invariably closer to the figure in the 
background than the other. The visual fields of the two eyes, in 
that context, should be expected to be slightly dissimilar. The low 
lying position of the eyes has often been speculated to cause distortion 
of the image of the background (Motokawa, 1970). At that rate, the 
visual acuities of the two eyes might too be different. Under such 
conditions, the chromatic response of the plaice could well be affected 
by even slight changes in the position of its eyes in relation with 
the elements in the background. The very slight variations in the 
M.M.I. values of the melanophores in the pattern-units in positions A - 
D and E - H and comparatively greater in positions A - E are apparently 
the effect of the change of the relative distance of the figures of the 
backgrounds from the two eyes and the variation of the angle of vision 
respectively. The irregular responses of the animals used could well 
be because of their ability of eye-movement during this experiment.
5 .2  ESTIMATION OF THE EXTENT OF DISTRIBUTION OF RETINAL STIMULI FROM 
EITHER EYE AND ITS EFFECT ON THE CHROMATIC ACTIVITY OF THE PLAICE.
5.2.1 Introduction.----------
It is generally believed that the eyes of a fish, perceive the 
image of the background and the retinal information is passed on to the 
brain to be interpreted (see pages 17-23). The retinal information ulti­
mately may bring about some melanosomal rearrangements in the chroamtic- 
ally active animal. The extent of distribution of the retinal stimuli 
from either eye to the brain and the mechanism in which these stimuli 
are transmitted to the effector cell is unknown. In the flatfish the 
effect of the retinal stimuli on the chromatic activity needs elaborat­
ion because unlike other teleosts, there is only one side with chromato- 
phores available for the expression of the information from two eyes in 
these animals. Pouchet (1876), von Frisch (l911b) and Semper (cited 
in Mast, I9I6) described a, ’contralateral' effect (i.e. on the right 
and left sides of the body)-of the retinal stimuli on the melanophores 
in trout etc. (page 23 ). .Unilateral blinding of Paralichthys
albiguttus on either side by Mast (19I6) in no way affected the chromat­
ic responses of the pigmented side. (in this case only one side of the
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fish was being considered). Such results would lead one to believe 
that both the eyes coordinate to produce chromatice transformations in 
the pigmented integument of the exposed side in this fish but that 
either eye can function on its own . If only one eye were engaged in 
this process the result would have been entirely different and cessation 
of retinal impulses by the related eye would greatly impair the chromat­
ic responses of the unilaterally enucleated fish. Since all the obser­
vations made by earlier workers were entirely visual, this mechanism 
was investigated in greater detail in the plaice, concentrating on the 
point that if both the eyes were engaged in this process, how far is the 
effect of the retinal stimuli of the left eye (which migrates to occupy 
the right side during metamorphosis) on the melanophores as compared 
with the static right eye in a fish which appears to have a complete 
optic chiasma (Hall, .19-76 , personal communication).
5.2.2  Method. '
.Fishes No. 1, 3, 6, 9» 10, 18 and I9 were used in a series of 
experiments to study the role of eyes in background-adaptation. Fishes 
1, 3 and 6 were used to study the distribution of stimuli from either 
eye, while fishes 9» 10, 18 and I9 were employed to investigate the 
effect of these retinal stimuli on the melanophore responses of the 
dorsal and ventral halves of the pigmented side of the plaice.
All these fishes were kept in the stock-tank with the mottled black 
and white background. Fishes 1,3 and 6 were exposed to a plain black 
and white background and to the different patterned backgrounds and 
the chromatic behaviour of two or more representative pattern-units 
in the two halves of the fish were recorded after -J- hour exposure.
These animals were then exposed for -J- hour to a combination of two back­
grounds having contrasting effects on the chromatic activity of these 
flatfishes e.g. black and white plain backgrounds or backgrounds having 
squares of 1.0 or 0.1 cm. sides. Some other combinations were also 
used. One of the backgrounds of each combination lay on the left of 
the midiine of the body and the other on the right. In the text these 
background-combinations have been named as B-W,1.0-0.1 etc. indicating 
that the black background or that with squares of 1.0 cm. sides lay ' 
towards the left ocular side and those of white or 0.1 cm. squares towa­
rds its right'. After recording the chromatic response of the entire
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3ud. that of* the representative pattern-units, these two "backgrounds 
were reversed in their position in respect to the two eyes e.g. W-B 
and 0.1-1.0 etc. in the following pages. These combinations of back­
grounds were then rearranged to be as before (i.e. at the beginning of 
the experiment) and to differentiate the chromatic response of the fish­
es on this combination of backgrounds from that observed earlier, it 
has-been coded as B-W(ii) or 1.0-0.1 (ii) etc. This coding has been 
used to distinguish the chromatic responses on the combination of same 
backgrounds' in some later experiments in which the fishes were subjected 
to them repeatedly; each trial being coded (i) or (ii) or (iii) and so 
on. Efforts were made to maintain the fish in the same position in 
respect to the figures in the patterned backgrounds. Similarly the two 
backgrounds were arranged in such a manner that the midline of the fish 
passed over the line of the union of the two backgrounds.
In fishes 9, 10, 18 and 19 more than one dark patch (or dark area 
around an orange and black spot) and one pale patch (area around a pale 
fleck or a white spot) were microscopically recorded. Their location 
in each fish was marked on a photograph of this fish before any observ­
ation. These representative areas have been described as dB (dark 
patch on the Dorsal half) or pD (pale patch on the Dorsal half ) and 
dV or pV (dark and pale patches on the "Ventral half respectively). In 
order to differentiate them from one another they were numbered (l),
(2), (3) and (4 ) (see Plate 5-2).
Fishes 1 and 6 were then operated upon to remove one of their eyes*, 
left in the case of fish 1 and right in fish 6. They were allowed to 
heal up completely before further experiments. All the experiments 
involving individual backgrounds, their combinations of equal or of 
unequal exposure were repeated on these fishes. The terminology 
used for defining the backgrounds in respect to the two eyes remained 
the same, irrespective of their presence or absence in these unilateral­
ly enucleated animals.
The results were prepared in accordance with the methos adopted 
throughout the course of this study. The chromatic changes of groups 
of 50 melanophores in the representative areas of the pattern-units 
were noted in terms of the M.I. and their mean was compared with the 
M.M.I.s of the same cells under all the different experimental conditr­
ions.
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5.2.3 Distribution of retinal stimuli from either eye in intact 
plaice on combinations of plain-and patterned backgrounds.
5.2.3.1 Macroscopic observations of the integumentary pattern.
Fishes 1, 3, 6, 9» 10, 18 ans I9 showed a characteristic pattern 
formation on the stimulating backgrounds such as the checkerboards of
1.0 and 0.1 cm. sides. The structure of the integumentary pattern in 
these fishes was essentially similar to that described in Section
3.5 .2 (pages 101-102 ). Fishes 1, 3, 9 and 10 were also adapted to 
plain black and white backgrounds (recordings at 1 and 2 hours).
The structure of the pattern in their integument was macroscopically
not very different from that described in Section 3.5*1 (pages 92-93 ).
Fish 6 formed a pattern on a background with white spots on black 
1/16 1-g- and black spot's on white 1/32 which has been described on
pages 100 and 98 respectively.
It was observed that whenever these fishes were exposed to a 
combination of two backgrounds, the pattern that emerged in the skin 
was more or less intermediate in structure. In this respect the results 
of the present study are in harmony with Mast's observations on 
. Paralichthys (Mast, I9I6). The pattern of fishes 1, 3, 9 and 10 on 
a combination of plain black and plain white backgrounds resembled theij. 
pattern on a grey background of DOI 2 or 4 (Plate 5-3)" Similarly the
pattern formed in all these animals on the combination of checkerboards 
of 1.0 cm. and 0.1 cm. sides was essentially intermediate between 
those formed on the individual backgrounds (Plate 5-4). The same is 
true of the pattern formed in fish 6 on combination of backgrounds 
with white spots on black 1/I6 1% and black spots on white l/3 2 %.
Reversing the position of the backgrounds in a combination did not 
produce any macroscopically significant change, although in some cases 
slight variations could be observed with the naked eye.
5.2.3.2 Microscopic observations on the integumentary pattern.
■ The photomicrographs of the different pattem-units of all these 
fishes indicate that there was a general similarity in the method of^  
adaptation to different patterned backgrounds.
While adapting to a plain white background in fishes 1, 3, 9 and 10
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the melanophores in the pale flecks and the white spots dispersed 
their melanophores to varying degrees in different flecks and the spots. 
The melanosomes in the melanophores in the light areas in the dark pat­
ches of fish 1 and 3 also followed the response of those in the pale 
flecks. The melanosomes in the melanophores of the surrounding areas 
of the pale flecks and the white spots and those of the dark areas of 
the dark patches in all these fishes remained less distributed within 
these cells.
Adaptation to black caused a furhter increase in the state of 
melanosomal-dispersion in the melanophores of the pale flecks and the 
white marginal spots. The same was generally true of the melanophores 
in the light area of the dark patches of fish 1 and 3* The melano­
phores in the surrounding areas of the pale patches and those in the 
dark areas of the dark .patches also underwent further increase in melan- 
. osomal dispersion on black (see Table 26).
On 1.0 cm. squares these fishes showed-a characteristic pattern 
(Plate 5“4«a) due to the dispersion of the melanosomes in the melanophor­
es of the dark areas of the dark patches and the aggregation of the
pigment in the cells of the pale flecks and white spots. Also charac­
teristic was the response of the surrounding areas of the pale patches 
and the melanophores of the light area of the dark patches on a back­
ground of checkerboards with 1.0 cm. sides. The reverse happened
during adaptation of these animals to a checkerboard of 0.1 cm. sides 
(Plate 5-4"b).
Fish 6 responded by having greater melanosomal dispersion on a 
background of white spots on black l/l6 1% in the melanophores of all 
its representative pattern-units and by recording a lesser pigment 
dispersion on background l/32 %  (Table 27).
A study of the micrographs revealed that the M.M.I. values of the 
representative pattern-units of these fishes on different combinations 
of the plain black and plain white backgrounds and those of the pattern­
ed backgrounds were generally somewhere between the M.M.I. values 
on the individual backgrounds (Plate 5~5)» In some rare instances 
these values were either greater than any of the individual background 
and in some cases lower than the lesser value of one of the two back­
grounds of the combination. '
Comparing the M.M.I; values of any group of cells of a representative 
pattern-unit on a combination of backgrounds with those on the same -
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combination but with changed position in relation to the two eyes of 
the fish indicated that there was always a slight difference between 
the two (Plate 5~4)« This difference was found to be reversible in 
nature and indicated that there was perhaps a difference in the percep­
tive acuity of the two eyes or in the central integrating mechanism 
-between the eyes and the effectors.
It was observed that the melanophores occupying the comparable areas 
in the two halves of the pigmented side responded differently from 
each other whenever the two backgrounds in a combination were reversed 
in position. This different response of the representative pattern- 
units was reversible and was repeatable on the s^ jne combination of the 
backgrounds. The plain black background was found to have a general 
melanosomal-dispersing effect on the melanophores in all the represent­
ative pattern-units and plain white an opposite effect in most pattern- 
units. A combination of B-W influenced the melanophores of the pale 
flecks and those of the surrounding areas (located in the ventral half) 
of fishes 1 and 3 e.g., to have comparatively greater M.M.I.s (2.42 
and 2.36 in fish 1 and 3*78 and 2.63 in fish 3 respectively (Table 27)) 
than on background combination W-B (2.12 and 2.3 in. fish 1 and 3-14 
and 1.42 in fish 3 respectively). The melanophores in the light and 
the dark areas of the dark patches (located in the dorsal half) of the 
two fishes indicated a relatively lesser M.M.I.s (2.18 and 2.7 in fish 
1 and 2.22 and 2.9 in fish 3 respectively) on B-W and greater M.M.I.s 
(3.16 and 3.32 in fish 1 and 3.28 and 3*36 in fish 3 respectively)
(Table 27) on W-B combination. When these fishes were placed on a 
B-W combination , their left eyes were on black and the right on 
white background. The relative position of these backgrounds was rever­
sed on W-B. The pale patches investigated in this study lay in the 
ventral half of the pigmented side of these fishes and the dark patches 
in the dorsal half. On B-W the fish saw B through their left eyes and 
the more pigment dispersing effect of this background was shown by 
the melanophores of the pale flecks and the surrounding area of the pale 
patches located in the ventral half. The right eyes of,the fishes 
lay on the white part of the W-B combination and the M.M.I. values of 
the two areas of the dark patches - located in the dorsal half- were 
comparatively less than when the position of these backgrounds was rever­
sed. Reversing the relative positions of the two backgrounds in W-B 
combination, -the pigment-aggregating effect of the white appeared in
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the melanophores of the pale flecks and the surrounding areas of the 
pale patches located in the ventral halves in both the fishes, while pig­
ment-dispersing. effect of the black background prevailed over the two 
areas of the dark patch located in the dorsal half. This and sub­
sequent evidence indicatedthat the overall influence of a background 
was more pronounced on the half of the pigmented side of the body that 
was away from the eye lying on that background. Such an effect, in 
comparison with Pouchet's, von Frisch's and Semper's hypotheses (page 
23 ) appears to be 'partially contralateral' in nature.
Fishes 1 and 3 were exposed individually to the checkerboards of
1.0 cm. squares and to 0.1 cm. squares and then to combinations of 
these. The results of these investigations are summarised in Table 
27 (see Figure ^-2 as well). The results obtained strongly support the 
concept of "contralateral" distribution of some stimuli received through 
the eyes. It should, however, be emphasized that M.M.I. values on 
combinations of the plain or the patterned backgrounds and the shade 
and the patterns on the skin were generally somewhere between thé 
M.M.I.s and the shades and patterns on individual backgrounds, which 
clearly indicates a definite superimposition of the effects of the stim­
uli received by each of the two eyes by a central integrating mechanism. 
The macroscopically smaller variations on combinations of backgrounds 
following the change of their positions, however, indicate a contr­
alateral transmission of some stimuli, which may perhaps be independent 
of the central integrating site. . *
A pale fleck and a part of a dark patch from each half of the pigmen­
ted side of Fish 6 were selected for recording the chromatic activity 
of this fish on individual patterned backgrounds and their combinations. 
Emphasis was laid on investigating the reversibility of the slight 
"contralaterally" influenced chromatic changes and the combination of 
backgrounds was reversed three times. The results prepared from the 
photomicrographs of the representative pattem-units have been tabulated 
in Table 28 and their M.M.I. values plotted in graphs in Figure 5-2. 
Although the M.M.I. values are insufficient for a statistical treatment, 
a "partial contralateral" trend is obvious. These results also support 
the effective participation of a central nervous mechanism for the inte­
gration of the information from the two eyes and in the control of the 
chromatic activity in the plaice.
Fishes 9, 10 18 and 19 were exposed to 1.0 cm. squares and 0.1 cm. 
squares individually and then to their combinations as described earlier.
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Four pale.and four dark areas were selected from each half of the pigmen­
ted side. Some of the pale areas were the pale flecks and the others 
white marginal spots. The dark areas consisted of either a part of 
the dark patches or the area in the dark zones around the orange and 
black spots (page 70 ; Plate 5-l). The.continuous chromatic activities 
of the same area on individual backgrounds, and on their combinations 
with different positional arrangement (up to 7 times) were recorded and 
is shown in Plates 5-6 and 5“7* A careful study of the chromatic 
activity of the representative areas in both the halves indicate that 
(a) the melanophores of each representative area respond differently to 
individual backgrounds (b) the chromatic responses of individual repres­
entative areas are approximately intermediate to the individual effects 
of the backgrounds in a background combination (c) the reactions of the 
melanophores in individual pattern-unit vary with a change in the arran­
gement of the background components in a combination (d) the chromatic 
activity of the comparable pattern-units of the two pigmented halves 
are mostly in opposite directions on each background-combiantion and 
(e) altering the position of the component backgrounds reverses the 
direction of the responses of these comparable pattern-units of the 
two pigmented halves. All these points have already been described 
earlier with the account of fishes 1, 3 and 6.
It may be pointed out that the "contralateral" responses of the 
melanophores of the two pigmented halves were less persistent on com­
binations of plain black and white. On occasions, some of the compar­
able pattern areas in the two halves on B-W or W-B combinations follow­
ed the response of each other (against the "contralateral" trend; cf. 
the responses of dark patch dl)(2) with dV(l) in Plate 5“7)« This 
may be due to the result of a predominant influence of a black back­
ground on the central coordinating mechanism through which the express­
ion of the influence of a white background over melanosomal-movements 
is made to reduce. However, the response of the other pattern-units 
on the same background combinations clearly indicate the "partial 
contralateral" distribution of impulses originating from the optic 
stimuli (e.g. compare the responses of dark patch dl>(3) with dV(3) 
in Plate 5-7)*
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5-2.4' Response of unilaterally enucleated fishes.
The left eye of fish 1 and. the right of fish 6 were removed. The 
wounds in these animals had completely healed within a period of one 
month after which they were employed in various observations. Uni­
lateral enucleation in these fish and in two others used in connection 
with pigment-induction on the 'ventral' side (page 267) caused a high 
degree of melanosoraal-dispersion in melanophores of all the pattern- 
units. The pigment was dispersed to such an extent that the pattern 
on the skin was almost completely lost. It took about three weeks in 
fish 6 to regain its integumentary pattern, which however, had much less 
contrast (because of darkening of the skin) than it had before enucleat­
ion. Fish 1, which remained alive for about 1 year after the treat­
ment, showed a general .darkening of the pattern and the pale flecks 
and the white spots in the skin-pattern were hardly distinguishable 
macroscopically.
Fish 6 was exposed to the patterned backgrounds of the checker­
boards of squares of different sizes and then to their combinations.
The results obtained have been summarised in Table 28 and the M.M.I.s 
calculated from the micrographs of the pale and dark patches on the 
two halves of the pigmented side plotted in graphs in Figure 5-2*
These results clearly indicate that there was a general rise in the 
degree of melanosomal-dispersion in the unilaterally enucleated fish.
The untreated fish had shown higher M.J.s in the melanophores of the 
dark patches in the two halves and lower in those of the pale fleck and 
white spot in response to the background of 1.0 cm. squares. The 
M.M.I.s were lower in the former group of melanophores and higher in 
the latter on 0.1 cm. squares. This differential trend of the two 
groups of melanophores was greatly impaired after unilateral enucleation 
and the melanophores of both groups showed higher M.M.I.s on a back­
ground of squares with 1.0 cm. sides and lower on 0.1 cm. squares.
The same trend persisted when this partially blinded fish was exposed 
to the combination of these checkerboards (see Table 28) and the M.M.I.s 
were higher on 1.0-0.1 (i) and 1.0-0.1 (ii) combinations than on 
O.l-l.O(i) in all the groups of melanophores under study (Figure 5-2).
Comparing the M.M.I. values of the cells located in the ventral' 
half with those of the dorsal half on the background combinations in 
fish 6 in which the right eye was removed indicates that there were•
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Figure 5-2. A comparison of the chromatic activity of the 
two selected pattem-units of fishes 1 and 6 
before (complete lines) and after (broken 
lines) unilateral enucleation in relation to 
individual chaeckerboards of 1.0 cm. sides 
and 0.1 cm. sides and to their right and left 
combinations. The melanophores in the dark 
areas of the dark patches^ & e and those in 
the white spots-j^  & ^  respond in opposite 
directions to each other in the intact fishes, 
but response becomes unidirectional after uni­
lateral enucleation. The two pigmented 
halves of either fish with both eyes intact, 
demonstrate.the predominance of the effect 
of the background seen by the eye of the opposite 
half ("the contralateral effect") on combinations 
of the checkerboards. The melanophores of the 
dark areas of the dark patches as well as those 
in the white spots show greater fluctuations 
in M.M.I. values in the half without eye 
(dorsal in fish 1 and ventral in fish 6) as 
compared with the other !half with the functional 
eye, following unilateral enucleation.
FImh 1
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comparatively less fluctuation in M.M.I.s in the pD and dD melanophores 
than those of pV and dV (see Figure 5-2). The change of M.M.I. in 
pD was 0.04 and 0.24 and in dD patches located in the left ocular half 
equalled O.I4 and 0,04 following the change of "background combination
l.O-O.l(i) to O.l-l.O(i) and O.l-l.O(i) to l.O-O.l(ii) respectively.
The M.M.I. change in the same order was 0.6 and 0.66 in pV and 0.32 and 
0.28 in d"V melanophores of the right ocular half of the pigmented, side. 
These results seem to suggest an interruption of the information from 
the central integration mechanism to the melanophores in the dorsal 
half contralateral to the eye removed."
Fish 1 was exposed to "backgrounds of squares and their combinations; 
to plain black and white and their combinations; and to white spots 
on black %  black spots on white l/S2 and their combinations. The­
se results are given in Table 28. The curves plotted on the basis of 
the M.M.I.s calculated from the micrographs of the pattern-units in the 
two halves of the pigmented side of this fish on 1.0 cm. and 0.1 cm. 
squares and their combinations are shown in Figure 5-2• These results 
clearly support the points indicated by fish 6. The melanosomal- 
dispersion calculated as M.M.I. in the integumentary pattern-units was 
much higher than observed in the untreated fish and it remained higher 
on different backgrounds and'thèir combinations. The adaptive response 
of the unilaterally blinded fish to the checkerboards of different size 
squares and to their combinations was impaired as in fish 6 (page 255 ). 
The adaptive response to the pattern backgrounds of circular spots 
(white spots on black %  -J and black spots on white 1/32 %) and to the
plain black and white backgrounds however, remained comparable to its 
response before lateral enucleation. Although the basic pattern of 
this fish did not alter much macroscopically, differences in M.M.I.s 
obtained on the backgrounds of variable nature clearly indicated that 
the fish had not lost its adaptive capabilities to them.
This fish responded to backgrounds of 1.0 cm. squares, to white 
spots on black %  and to pure black by achieving a higher M.M.I. 
in all the representative pattern-units. The reverse was true for 
backgrounds of 0.1 cm. squares, black spots on white l/32 %  and plain
white. -The trend of having higher M.M.I.S in all the representative 
pattern-units on the background combinations in which more melanin- . 
dispersing backgrounds were located towards the side of the existing 
eye (right) persisted on all -such combinations. The reverse happened
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on all the combinations in which the less pigment-dispersing back­
grounds faced the existing eye (see Table 28). .
It became evident that the melanophores on the dorsal half of the 
pigmented side of the body (contralateral to the existing eye) showed 
relatively greater fluctuations in melanosomal distribution on combin­
ations of different backgrounds than those of the ventral half. Dur­
ing its stay on combinations of backgrounds of different sized squares, 
the melanophores of the pV patch recorded a change equal to 0.08, 0.18 
and 0.46 following the change of background combination O.l-l.O(i) to
l.O-O.l(i), l.O-O.l(i) to O.l-l.p(ii) and O.l-l.O(ii) to l.O-O.l(ii) 
respectively.(Figure 5~2). Similar changes in the melanophores of 
the same side i.e., dV were as small as 0.18, 0.18 and 0.16. The mela­
nophores of the opposite side, on the other hand, registered fluctuation 
of greater extent. The change of M.M.I. values in the pD melanophores 
was as high as 0.44» 0.8 and 0.22, while it equalled 0.46, 0.66 and 
0.56 with the similar change in the combination of these backgrounds 
(Figure 5-2).
Changing the arrangement of the components of the background combin­
ations of the spotted pattern backgrounds from B spots on ¥ l/32 
spots on B i  f-(i) to ¥ spots on B %  -J-B spots on ¥ 1/32 i{i)î ¥ ' 
spots on B %  %-B spots on ¥ l/32 %(i) to B spots on ¥ l/32-¥ spots 
on B %  %(ii) and B spots on ¥ 1/32 -|-¥ spots on B %  %(ii) to ¥ spots 
on B^ -f-B spots on ¥ 1/3? ^ii) caused a change of M.M.I.s equal to 
0.14, 0.24 and 0.34 in pV melanophores. The corresponding change in 
the melanophores of the dark patch on the ventral half (dV) was 0.2,
0.16 and O.O4 . On the other hand, the difference in melanosomal- 
dispersion was generally relatively greater in the melanophores of the 
dorsal side (excepting the pD melanophores on the last two background- 
combination rearrangements). The corresponding difference in this part 
was 0.36, 0.2 and O.O8 in the pD patch and 0.82, 0-7 and 0.68 in the 
dD melanophores.
This differential response of the melanophores of the two halves 
of the body became more pronounced on the combinations of plain black 
and white (Table 28). Melanophores in the pV patch showed slight 
variations of 0.1, 0.16 and O.I4 following the change of background 
combinations ¥—B(i) with B-¥(i), B-¥(i) ifith ¥—B(ii) and ¥—E(ii) with 
B-¥(ii). Similarly the melanophores of the dark patch of the ventral 
side (dV) recorded a minor variation of O.I8, O.I8 and 0.16. The
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corresponding values in the M.M.I. values in the melanophores were 
comparatively higher in the pD and dD patches. - In pD the change was 
0.86, 0.96 and 0.22 and in thë dD patch it equalled 0.6, 0.26 and 0.26.
The results obtained on fish 1 indicate a parallel phenomenon as 
shown by fish 6, though in the opposite direction. In fish 1, like 
fish 6, the melanophores lying in the pigmented half contralateral in 
position to the existing eye (right eye in fish 1 and left in fish 6) 
showed melanosomal movements of greater extent than those of the opposite 
side. The half with the intact eye (right half in fish 1 and left in 
fish 6) showed chromatic activity of less extent (of. Graphs for fish 
1 and 6 in Figure 5).
5*2.5 Conclusion and discussion.
The eyes of the plaice, as in other teleosts, are indispensible for 
its neurally controlled chromatic activity and a fairly high degree of 
visual acuity has been associated with a characteristic arrangement of 
cones in the retinal layer (Engstrom, 1963). The low position of the 
eyes in the flatfishes is suggestive of their having a comparatively 
smaller visual field than the actively swimming fishes. The background- 
pattems of different kinds have been shown to be perceived by the eye 
of the flatfish by many workers (Sumner, I9II; Mast, I9I6; . Groot et 
al., 1969» Lanzing, 1977) Dut the low-placed eyes may not be able to 
differentiate them perfectly and the background patterns might be slight­
ly deformed (Motokawa, 1970)« This shortcoming of such animals seems 
to be greatly compensated by the high degree of mobility of their eyes. 
Some flatfishes have, in fact, their eyes placed at the tip of long 
stalks. The slight variations in the M.M.I. values observed in the 
smae groups of melanophores in fishes 1 and 3 observing the same back­
ground in different positions (Section 5-1» Pages244 -247 ) suggests 
that the chromatic activity of the plaice is determined by the distance 
of the object from the eyes and the angle of its.location with relation 
to the eyes.
All the fishes used in the present study generally assumed an inter­
mediate tint and pattern when subjected to the combinations of plain 
or patterned backgrounds with an eye on each component. This 
behaviour of the plaice implies a superimposition of the images perceiv­
ed lay either eye in'the brain, as was suggested by Mast (I9I6).
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Location of one or more centres in the CNS engaged in decoding 
retinal information from the two sides and controlling the overall 
chromatic activity in the fish has been suggested by many workers 
since Pouchet (I876). Interpretation of the images of different 
nature from both eyes resulting in an effector response, nearly inter­
mediate in magnitude to the causative stimuli, is a phenomenon of very 
complex nature. Gentle (l971b, 1972a) suggested that the final inter­
pretation of the retinal stimuli from the eyes are made at the optic 
tectum level. Excitatory synapses have also been worked out at this 
level and at the region of the medulla oblongata and the excitatory and 
inhibitory synapses in the spinal cord of the crucian carp Carassius 
carassius by Iwata and Pukuda (1973) (Figure 1.2). If it is believed 
that the retinal stimuli are finally interpreted at these levels then 
changing the right - left arrangement of the components in the back- 
ground-combinations should not affect the final response of the plaice. 
The stimuli being received from either eye on varying combinations, 
though different in magnitude, should be correctly interpreted in the 
brain and the motor neurons innervating the melanophores should let 
them express the same effect, since the nature of the two backgrounds 
remain the same. It appears that though the effect of the centre 
is predominant on the neural ly induced chromatic behaviour in the plaice, 
some impulses are in some way'passed uninterrupted to the effector cells 
contralaterally arranged in the skin from the stimulated retina.
■ Unilateral enucleation caused a general darkening of the skin and 
the melanophores in either half of the pigmented side showed compara­
tively higher M.M.I.s than before partial blinding. Both Sumner 
(1911) and Mast (I9I6) reported similar general darkening to a slight 
extent in the flatfishes they studied. , According to them unilateral 
enucleation had no effect on the chromatic behaviour and the partially 
blinded fish maintained its normal activity. The present work does 
not support this contention and indicates that the unilaterally enuclea­
ted fish may not regain the charaterrstic pattern under the same kind 
of retinal stimuli as was regularly achieved before treatment. Fish 
1 completely lost the pale flecks and the white marginal spots were 
difficult to trace in its basic pattern (Plate 5~8 ). Moreover, the 
chromatic activity of this fish was greatly impaired following enuclea­
tion. Though fish 6 regained its pale flecks and the white spots 
within three weeks (page 256 ), it also showed a general darkening of 
the skin and its chromatic response was dissimilar from its normal
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response.
The contralateral darkening of one side of the unilaterally enuclea­
ted fishes observed by Pouchet (I876), Semper (cited from Mast, I9I6) 
and von Frisch (l911b) suggests the uncoordinated transmission of 
impulses from the retinae to the chromatophores on the contralateral 
sides of these fishes (i.e. trout, carp, Macropodus spp. and Telescope- 
fish, page 23 )• This condition was associated with the existence of 
the complete optic chiasma in them. In the plaice the condition is in 
no way comparable with these animals. The two halves of the exposed 
side in the plaice are part of the premetamorphic dorsal and ventral 
right sides. The mode of innervation in these unidentical surfaces can 
not be expected to be the same. An origin of two identical chromatic 
nerve-fibre networks in mirror image in the dorsal and the ventral halves 
of the pigmented side of the plaice at some stage of its development 
(postlarval metamorphosis ?) has been suggested by Lanzing (1977) to 
explain the simultaneous activation of the identical pattern-units in the 
two halves. The partially contralateral responses of the plaice are pre­
sumably due to the existence of some mechanism through which a slight 
proportion of stimuli from each eye is distributed to the effector cells 
in the two halves of the pigmented side. Although these impulses are 
not strong enough to cause macroscopically differentiable changes in the 
chromatic patterns of the fish,..the reversible nature of these changes 
and the response of the'unilaterally enucleated fish leave little doubt 
of its presence. The predominant role of the central mechanism seems to 
be affected following unilateral blinding and the contralaterally trans­
mitting impulses are apparently permitted more to be expressed in the 
side with the eye removed in such fishes. The pigmented half having the 
existing eye shows chromatic activity of lower magnitude and intensity 
and the response of the melanophores in that half may become irregular 
as well. These results provide support for the concept of partial 
"contralateral" distribution of some of the retinal stimuli, independent 
of the control of the pigmentary controlling mechanism of the plaice, 
which when permitted brings about a chromatic change in the pattern 
characteristic of the patterned background on which the eye is lying.
If the impulses are somehow interrupted (by the'removal of one eye) the 
side of the body contralateral to the existing eye responds in accord-
I
ance with the pigmentary centre(s) and the intensity of the contrlateral 
effects is greatly dominated in the opposite.side, contralateral to the 
eye removed.
* Note: Enucleation was conducted by Dr. E.G. Healey.
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6 MELANIZATION OF TIffi 'VENTRAL SKIN' AND THE RESPONSES OF ARTIFICIALLY 
PRODUCED MELANOPHORES.
6.1 INTRODUCTION.
Melanophores have been reported to be produced on the Ventral' skin 
of many species of flatfishes, and the catfish Ameiurus (= Ictalurus) 
melas after continuously exposing it to light (Cunningham, 1893, 1895; 
Cunningham and MacMunn, 1893; Osborn, 1939b, c, 1940a, 1941a, b). It 
seems to have been established by these workers that these newly pigmen­
ted cells do not migrate from the pigmented 'dorsal' side of these 
animals, but their origin is in situ. As larvae the flatfishes possess 
bilateral pigmentation which is retained on the side of the trunk 
that is away from the substrate and lost on the side nearer to it foll­
owing the metamorphic changes during their development. Not much has 
been said regarding the fate of the chromatophores on that side which 
gets demelanized. Osborn (l941b) suggested that the experimentally 
produced melanophores on the Ventral' side of the summer flounder 
Paralichthys dentatus originated from the already existing melano- 
blasts which in some way had lost their capacity to synthesize melanin.
A glutathione-like substance was suggested to be responsible for the 
inhibition of the tyrosine-tyrosinase reaction (vital for the melanin 
synthesis) in the absence of light. The continuous exposure of the 
'ventral' skin to light was suggested to have removed the inhibiting 
effects of this substance and allowed the enzyme to carry out oxidation 
of the colour-substrate. Osborn (l941b) also reported the presence of 
DOPA-positive cells in the 'ventral' scales of freshly caught flounders 
accompanied by xanthophores and leucophores. The results obtained by 
Osborn (l941a, b) suggest that the chromatophores on the 'ventral' 
sides of the premetamorphic stages of the flatfish are retained in one 
form or the other in the postmetamorphic stages of life and that they 
are not eliminated.
The experimentally induced melanophores have'been described as 
being morphologically and physiologically normal by Osborn (l940a); 
they responded normally to adrenaline solution by pigment concentration. 
On the other hand, severing the nerve-fibres failed to produce a dai^ k 
band on the 'ventral' side, while it caused a typical denervated band 
on the 'dorsal' side (Osborn, 194Tb). This led Osborn (l941b) to .
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"believe that the melanophores on the two sides of ParalIchthyg dentatus 
were not innervated in a similar way, whereas the internal environmental 
conditions were presumably alike in their hormonal constituents. This 
differential innervation on the two sides of the flatfishes has not 
been established. If there is any such innervation, it could be 
associated with the partial atrophy of the sympathetic system following 
the migration of the corresponding eye during metamorphosis, as suggest­
ed by Pouchet (I876).
As a whole, not much appears to have been done on the origin and 
melanogenesis of the melanophores on the ’ventral' skin and the way in 
which they are innervated. Similarly nothing appears to have been 
described regarding their responses following differential retinal 
stimulation. Some observations towards these points were made follow­
ing an accidental discovery of the effects of a mottled background 
drawn with a felt pen (page 67). This background proved to be very 
eefective in melanizing the 'ventral' melanophores in shorter periods 
although continuous illumination of the plaice from underneath also 
proved to be successful. The response of the melanophores on the 
'ventral' side of the plaice to some patterned backgrounds was observed 
in order to find out whether they reacted to different kinds of pattern­
ed backgrounds and whether, any indications could be obtained regarding 
their neural control.
6.2 METHOD AND MATERIAL.
Sixteen fishes procured from Lowestoft were retained for a period 
of two months in the first instance on the mottled background of the 
container described in Section 2.2.5 (page 67)• This background 
was found to be very effective in melanin-production and was used 
regularly thereafter. Eight fishes with different background history 
(Section 6.3, page 267) were retained in the apparatus described in 
Section 2.2.5(page 67 ) and were continuously illuminated from under­
neath for a period of one month, which resulted in the production of 
'ventral' pigmentation in a moderate amount.
Pish 19, which showed the most extensive production of melanin 
on its 'ventral' side was used in the study of chromatic response of its 
'ventral' melanophores towards some patterned backgrounds. A strip 
of about 4 cm. in length and 2 cm. in width was cut in the middle of
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each of these backgrounds to be able to photograph the marked area 
(shown in Plate 6-1.b) on the'ventral’ skin of this fish with the help 
of an inverted microscope. These cut areas of the backgrounds always 
remained underneath the body of the fish and were never visible to it 
to affect its chromatic behaviour. The entire 'ventral' aspect of 
the fish (e.g. Plate 6-1.b) was photographed by carefully turning it 
upside down and this was always done after having recorded its micro­
scopic response. The same fish was recorded as usual for a compara­
tive study of the melanophores on its 'dorsal' side. The M.M.I. 
values of the 'ventral' melanophores were tabulated from two batches 
of 50 cells each from the photomicrographs of a marked region 
(Plate 6-1.b).
The technique adapted for the E.M.-studies has been described in
section 2.2 .4 (pages 65'- 67).
6 .3 PRODUCTION OF MELANIN ON THE 'VENTRAL' SKIN OF THE PLAICE.
Some melanin-containing cells were observed to have become prominent 
after maintaining 8 fishes in the apparatus in which they were 
constantly illuminated from below for one month. Those individuals, 
which had a 2^ months B ( m ) -adapt at ion background history before their 
illumination from below were the first to show signs of pigmentation 
on the 'ventral' side on the 20th. day of illumination. Pigmentation 
increased in its extent with increase in length of 'ventral' illumina­
tion. These fish were 'followed by the two animals which had been in 
the mottled stock tank for about 1 week and had not been subjected to 
any other background after obtaining them from Millport, Scotland.
Both the 2^ months W(m)-adapted fishes failed to indicate any signs 
of melanin after being maintained in the apparatus. The faTWaiy 
enucleated specimens did not survive for more than 7 - 10 days in the 
apparatus and both had not developed any melanin in the meanwhile.
16 plaice had been on the mottled background with some bluish 
tinge (Plate 2-2 ) for a period of about 2 months. There was a
higher rate of mortality in most of the fishes obtained from Lowestoft.
2 of these animals survived and both were found to have sufficient 
quantity of melanin on the 'ventral' side of the body. ■ One of these, 
fish 19, showed an enormous production (Plate 6-I) and was used for 
the study of the response of its melanophores of both the sides towards
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the patterned backgrounds. All the fishes, which had been on this back­
ground before their death and were preserved in formalin, were re­
examined and were found to have various numbers of melanized melanophor­
es on their 'ventral* skin. A reasonable number could be produced 
after maintaining the fishes for about 5 — 6 weeks on this background. 
This capacity of melanin—production, however, varied from individual 
to individual and in fishes from different localities. Pishes from 
Lowestoft were the best in this respect, while fishes from Millport 
generally took more time in melanin-synthesis on the 'ventral' skin.
There, have been a few instances in which flatfish have been observed 
to have some pigmentation on their unexposed sides in nature. The 
plaice which were maintained in this laboratory during the present inve­
stigation were observed to have no visible signs of the pigmentation 
on their 'ventral' sides when procured 'from the sea. In some except­
ional cases the growth of some pigment in isolated patches was observed 
under certain experimental conditions. Pish 13, which had responded 
very unexpectedly during its ¥(b)-adaptation showed some melanized cells 
on its 'ventral' aspect after 70 days ¥ (b)-adaptation. Similarly, 
fish 15 showed a sufficient amount of pigmentation on the 19th. day of 
¥(wb)-adaptation. Maintaining the fishes in the stock-tanks with an 
ordinary mottled background of black and white never produced any 
pigmentation on the 'ventral* side excepting the partially enucleated 
fish 6 which showed some pigmented cells after a period of about 6 
months. ■
6.4 RESPONSES OP EXPBRDÆEIirTALLY PRODUCED 'VENTRAL* MELANOPHORES.
The ventrally produced melanophores of all the fishes shared a 
common feature of concentrating their melanosomes when intramuscularly 
injected with 0.1 ml. of 10“^ M adrenaline or noradrenaline.
Response to plain black and white backgrounds.
Fish 19 was retained on both black and white backgrounds for 24 
hours and was found to have responded typically on its 'ventral* side 
to both of them. There was a general aggregation of melanosomes in, 
the melanophores on the ' ventral * side after 24 hours on white and 
they were almost maximally dispersed in melanophores in the dark area 
on the 'ventral' skin and much less dispersed in the paler region on
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black.
Response to the patterned backgrounds.
Fish 19 was exposed to 8 different patterned backgrounds to which 
it responded differentially on its 'ventral' surface (see Table 
and'Plate 6-2). This differential response was relatively greater 
in the melanophores occupying most of the 'ventral' skin than those 
in some limited areas which appeared as small dark spots. (These dark 
spots have been described as the darker areas and the rest of the 
'ventral' skin as the lighter area). The melanophores in the darker 
area remained very little affected by all the backgrounds with circular 
spots on them but showed relatively greater M.M.I. changes under the 
influence of the checkerboards of black and white squares. On the 
whole, the M.M.I.s of the dark area of the 'ventral' skin remained 
nearly maximal whenever this fish encountered any background of circ­
ular spots. The melanophores in the lighter area did indicate a 
fair degree of melanosomal-concentration in response to most backgrounds 
and the M.M.I. values reached a minimum of I .7 on a.background with 
black spots ^ 2 on white. The highest M.M.I. value (3*l) of these 
cells was recorded on a background with white spots -g- on black 
(see Table 29).
In general, the melanophores in the two areas of the 'ventral' 
skin responded like similar (but not bilaterally comparable) areas on 
the 'dorsal' side of the body. However, responses of the cells of 
the light area to the background of 0.1 cm. squares were different.
These melanophores recorded a lesser M.M.I. on this background in 
comparison with their M.M.I. value on 1.0 cm. squares. This response 
is opposite to the general trend found on the 'dorsal' surface in 
this fish and the other plaice observed during the course of this 
S"fcudy (pages 104-105 ). The comparatively less M.M.I. values in 
response to a background of black spots on white ground and higher Val­
ues on those with white spots on black have been observed in the 
'dorsal' melanophores of the plaice as well (section 3.5.2.2.1 page 102). 
In this respect the melanophores in the light area of the 'ventral' 
skin appear to simulate the response of the melanophores of the pale, 
flecks and the light areas in the dark patches, whereas the melanophores 
in the darker .area might be compared with those in the dark areas of.
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TABLE 29. M.M.I. values of a "batch of 50 melanoohores in the darker and 
lighter areas on the 'ventral' skin of the plaice obtained 
after exposing the fish to different patterned backgrounds 
for 1 hour.
Background. Description of the M.M.I. of M.M.I. of
figures on the the light the dark
background. area. area.
Checkerboards. 1.0 cm, squares. 2.73 4 .5H 0.1'em. " 1.9 4 .2
Black spots on white. 1/16 1Î 2.5 4 .4If 1/2 7/8 ■ 2.85 4 .0
White spots on black. 1/8 li 3.1 4 .2
II 1 /4 3/4 2.7 4 .9
Black spots on white (i) 1 /8 2 ■ 1.7 4.35
White spots on black (i)- 1/8 If 1.83 4.1
Black spots on white (ii) 1 /8 2 1.71 - 4.25
Black spots on white (i) 1/2 7/8 1.84 4 .2
i) 1/16 1Î, 1.59 4 .3 '
(ii) 1 /2 7 /8 1.84 4.25
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the dark patches and the surrounding areas of the pale patches on the 
’dorsal* side.
Pish 19 was subjected to a patterned background-reversal test to 
establish whether or not it was capable of chromatically responding 
to varying backgrounds by showing a particular integumentary pattern 
on one, changing it in response to the other and reconstructing it 
on the earlier background again, as in the melanophores of the 'dorsal' 
side. The response of the melanophores on the 'ventral' skin was 
observed and their response to the two sets of trial backgrounds was 
found to be different and repeatable (see Table 29 ). The M.M.I.
values in response to the initial backgrounds (black spots ^ 2 on 
white or black spots -g- on white) fluctuated slightly at ^ and 1 
hour recordings and changed with the change to backgrounds with white 
spots -g- 1% on black or. black spots 1/I6 l-J on white. They nearly 
came back to the initial values on reversing these backgrounds with 
the original ones. This truly reversible nature of the chromatic 
change indicates a nervous mechanism engaged in the control of their 
differential responses. -
6.5  SOME E.M. OBSERVATIONS, CONCLUSIONS AND DISCUSSION.
The in situ production of melanized cells in the 'ventral’ skin 
of the plaice supports the findings of other workers (Cunningham, 1893» 
1893» Cunningham and MacMunn, 1893» Osborn,.1939L,c, 1940a,b, 1941a,b) 
on flatfishes. The fact that pigmentation in the plaice occurred 
irrespective of any particular site on the 'ventral' skin might perhaps 
not be expected in view of the fixed arrangement of the major pattern on 
the 'dorsal' side. There was no evidence supporting the migration 
of the fully developed melanophores from the 'dorsal* side because in 
that case melanization would have become increasingly evident from the 
flanks. Pieces of 'ventral' skin from the untreated fish were incub­
ated with D-, L- and DL-DOPA solutions (as done by Brumbaugh and Zieg, 
(1972) and Turner at ad. (1975)) and studied under E.M. Both pre- 
and post-fixed tissues ' (pages 64 - 65) failed to show any signs of 
melanized melanosomes in any cell on the 'ventral' side. These obser­
vations were contradictory to those reported by Osborn (l941b) on '
Paral ichthys dentatus in which he observed about 13 out of 20 DOPA- 
positive cells in each scale." Retaining the fish on the bluish mottled
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background for about 3-4 weeks or in the apparatus for ventral illumin­
ation for almost the same lengtn of time resulted in the pigmentation 
of some patches. The skin from the areas without any visible melanin 
showed some cells having some electron—dense granules of about the 
same dimensions as the melanosomes after being treated with DOPA.
The prefixed cells were found to appear better in the electron micro­
graphs than the postfixed, but they lacked any deposition of electron- 
dense material on the Golgi complex or any other organoids believed 
to oe engaged in tyrosinase synthesis and transportation into the 
premelanosomes (Seiji, 1967; Maul and Brumbaugh, I97I; Turner ejt , 
1975). Some other cells in the vicinity of the melanized cells showed 
enormous increase of the Golgi complex, the rough endoplasmic reticulum 
and the vesicles associated with them. These vesicles originating 
from the dilated ends of the cisternae of the Golgi were about 50 nm. 
in diameter and those of presumably granular endoplasmic reticulum- 
origin were from 0.3 - O .5 nm. in diameter. Some or all the vesicles 
of both kinds were observed to become electron-dense whenever the tissue 
from partly treated fish was incubated with L- or DL-DOPA, but remained 
electron-translucent in the unincubated tissue (Plate 6-3). This is 
suggestive of their accomodating the enzyme, tyrosinase, which reacts 
with the DOPA, the DOPA-melanin appearing electron-dense in the micro­
graphs.
There are four possibilities regarding the production of the pigmen­
ted cells on the 'ventral' side of the plaice, (i) the novo 
production of melanophores, (ii) the migration of the melanophores 
from the 'dorsal' side, (iii) the transformation of some other chrom­
atophores into melanophores and (iv) the pigmentation of the already 
existing depigmented melanophore. The d^ novo production of the 
melanophores seems to be very unlikely. The migration of fully- 
developed melanophores from the pigmented side has been contradicted .
Cunningham and Osborn and not observed in the present work. Trans­
formation of one kind of chromatophore type into another has been shown 
in vitro in some animals by Niu (1954)» Loud and Mishima (1963)»
Bagnara (1972) and Ide and Hama (1975). Although some DOPA- positive 
granules were observed in the ventral iridophores of the treated fish 
in the present investigation (page 85 ) and some success has been report­
ed in the transformation of iridophores into melanophores in tissue 
cultures (ide and Hama, 1976), the in vivo conversion of iridophores
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into melanophores — a chromatophore of an entirely different nature 
and function - seems to he highly improbable. Both Cunningham 
(1893» 1895) and Osborn (l940a, 194ia, b) reported the existence of 
xanthophores in the 'ventral' skin and Osborn (1941) the presence 
of leucophores in the flatfishes they observed, but none of these 
structures was observed on the 'ventral' skin of the plaice. These 
structures could have been better candidates for transformation into 
melanophores, because they not only resemble the melanophores in. some 
structural and functional aspects but the pterinosoraes of the xantho­
phores have been shown to have tyrosinase-activity, vital for melanin- 
synthesis (Matsumoto and Obika, I968; Matsumoto et al., I968; Ide 
and Hama, 1969, 1978). The only other kinds of cells in the region 
generally occupied by the chromatophores in the 'ventral' skin are the 
fibroblasts and possible endothelial cells, which are anatomically and 
physiologically so different that they are unlikely to be transformed 
into melanin-containing chromatophores. The very likely possibility 
left is that of the repigmentation of the depigmented melanophores of 
the premetamorphic stage of development of the plaice. Their depigmen­
tation is possibly associated with the production of some depigmenting 
agent and they remained as such through the inhibition of tyrosinase 
synthesis following metamorphosis. A number of depigmenting agents 
are known to affect the tyrosinase-activity of the fish iu vivo and in 
vitro and, as a result, the animals become unpigmented (Woodhead, I966; 
Chavin and Schlesinger, I967). Lack of excitatory stimuli in nature 
could have maintained these cells as such either through inhibition of 
tyrosinase-activity or through the presence of some factors inhibiting 
the activity of the tyrosinase in melanogenesis. The colourless 
melanophores of the medaka Oryzias latipes have been shown to possess 
tyrosinase-activity in an inhibited state (Hishida e^ al., 1961;
Oikawa, 1969, 1971a, b, 1974), and the tyrosinase readily reacts with 
DOPA in them. In the plaice no cells with pigmented melanosome-like 
structures could be observed after treating the 'ventral' skin of the 
fish from nature with DOPA. This indicated that these melanophores 
might either have no tyrosinase-activity (as has been suggested as a 
possibility by Roberts ejk al. (l972)) or that they lacked any potential­
ity to react with DOPA or tyrosinase. Stone and Chavin (l970) 
reported the occurence of some unpigmented dermal cells (melanoblasts 
or amelanotic melanocytes) in the goldfish which failed to react with
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tyrosinase, "but reacted positively with other reagents like succinic 
hydrogenase, cytochrome oxidase and alkaline phosphatase. Incubation 
of skin pieces from plaice previously illuminated from below with 
L- or DL-DOPA, however, did show some sighs of tyro sinas e-activity in the 
otherwise depigmented cells and the unidentifiable cells became pigmented 
and could be recognized as melanophores.
Osborn (1939^ - 1941L) believed that the stimulus which removes the 
factor inhibiting tyrosinase-activity was the light which stimulated 
these cells. The other generally believed factor to initiate melano­
genesis is any condition favouring melanosomal-dispersion (Vilter, 1931a; 
Sumner and Wells, 1933; Sumner and Pox, 1935; Sumner and Doudoroff,
1937; Sumner, 1939, 1940a,b; Osborn, 1939%, 1940b; Dawes, I941). 
Experimental stress with different chemicals is also known to have 
caused melanogenesis. Chavin (1956) and Turner et ad. (1975) has 
shown that stressing the xanthic goldfish Carassius auratus in NaCl 
solution initiated melanophore-differentiation. Hu and Chavin (196O) 
observed similar effects following the administration of ACTH to 
xanthic goldfish. The induction of melanization on the 'ventral' skin 
of the plaice on a background of mottled pattern of predominantly 
black and white with some bluish tinge is a phenomenon of its own nature. 
It could not be established what particular aspect of this background 
was responsible for melanin-induction, but this background proved to 
be useful for the production of pigmentation in 25 fishes. They all 
showed signs of melanization to varying degrees at different time 
intervals. The container having this pattern on it was moved from one 
place to another in order to see if the amount of light or the direction 
in which it was being recieved was associated with the melanin produc­
tion on the 'ventral' side of the body, but such trials did not affect 
the rate of melanization. Keeping the animals in 50^ seawater, as a ' 
factor favouring melanization, is also to be excluded because no fish 
in any other container in 50^ seawater produced such pigmented cells.
The peculiar bluish colour of the background seems to be the causative 
factor. The induction of melanin in the cells of the 'ventral' skin 
of the plaice following illumination from underneath is consistent with 
the results of Cunningham (l893, 1895) Osborn (1939%, 1940a,%,
1941b). The evidence from the fishes observed to have developed 
melanin during W(b) and W(wb) adaptations are fragmentary. Similarly 
the response of the unilaterally enucleated fish (page 266 ) is incon-
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elusive. All these observations tend to indicate that the plaice may 
be induced to initiate melanin-synthesis under the influence of some 
changes in their environment.
The melanophores occupying the light areas were more responsive 
to the background changes than those in the dark areas in selectively 
aggregating their pigment. Their behaviour is generally coincident 
with that of the cells in the pale flecks and in the light areas of the 
dark patches of the fishes during W(b)-or W(wb)—adaptations. Ahmad 
(1974) observed an earlier development of pigment—aggregating response 
and a later of dispersion, in the experimentally developed melanophores 
in the minnow Phoxinus phoxinus. This differential development of the 
direction of melanosomal movement in the dorsal and lateral melanophores 
of the minnow is opposite to that of the 'ventral.' melanophores of the 
plaice. The unpigmented melanophores on the 'ventral' as well as on 
the 'dorsal' side are difficult to differentiate from the other cells 
in the skin. Depigmentation is generally associated with the condit­
ions leading to aggregation of melanosomes during quantitative colour 
changes. If it is believed that the depigmented melanosomes remain 
concentrated in the cell body throughout this phase - persistance of 
alpha effects- and on reviving the conditions necessary for pigmentation 
(illumination from below and stresses of various kinds) which have 
generally been associated with the melanosomal-dispersion during quant­
itative colour changes, the effect through beta-adrenoceptors predomin­
ates and overcomes the alpha-effect. This agrees with the results 
obtained on the 'dorsal' surface with long W(m)-or W(b)-adapted fishes 
on their transfer to black background for B(w ) and B(bw)-adaptation.
The depigmented cells in these animals on black not only aquired mela­
nin but dispersed their pigment granules almost maximally. This initi­
al maximum dispersion of the pigment granules was later differentially 
reduced (pages 141-143 and 162). The first cells in the dorsal surface 
to respond by pigment-aggregation through retinal stimulation due to " 
the patterned backgrounds were those in the pale flecks and the light 
areas of the dark patches. The melanophores in the lighter area of the 
•ventral' skin demonstrated a response of the same kind when the melano­
phores in the darker areas were still responding by almost maximal 
dispersion of the melanosomes. However, the maintenance of this pigm­
ent-dispersing response lay the cells of the dark region for a much long^ 
er period after their pigmentation and the exceptional response of the
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'ventral' melanophores towards the checkerboards of squares seem to 
support the view of Pouchet (l8?6) and Osborn (l940b) regarding partial 
atrophy of the sympathetic system during metamorphosis and a resultant 
differential innervation of both sides (see page 293 as well).
7 T m  m  VIVO effects op certain adrenergic drugs on tie PLAICE.
7.1 INTRODUCTION.
Various mammalian autonomic drugs have been used on some teleosts 
in an attempt to show the part played by the nervous system in the 
chromatic mechanism. Most of the adrenergic drugs have clearly suppor­
ted the role of adrenergic fibres in the active movement of melanosomes 
while some workers claimed a cholinergic mechanism in the past and in 
one exceptional case recently (see pages .30, 33-35 ). Involvement of
the adrenergic fibres in the melanosomal movements in the melanophores 
of many teleosts is widely being cited at present and alpha- and beta- 
adrenoceptors have been described to be engaged with the process of 
centripetal and centrifugal melanosomal movements in the melanophores 
of many teleosts (pages 38 -: 39 ). In the plaice it has been clearly 
demonstrated that melanosomal movement is mediated through the alpha- 
receptors and that their movement is under the control of the adrenergic 
postganglionic sympathetic nerve fibres (Fernando and Grove,. 1974a, b). 
More recent studies on some teleosts have revealed melanosomal disper­
sion through the mediation of the beta-adrenoceptors (see page 39 ).
In the light of the results obtained in the present study, which 
indicate a definite difference in the response of the melanophores in 
the different' pattern-units of the plaice, an attempt was made to inves­
tigate this differential response using some well-known adrenergic 
agonists and blockers. These drugs were injected intramuscularly 
into plaice which were adapted to a background of 1.0 cm. b/w squares. 
The characteristic features of adaptation to this background are 
(i) the prominently distinguishable dark patches due to a high M.M.I. 
of the melanophores of their dark areas, (ii) distinct and spread-out 
pale flecks and white spots because of the aggregation of the pigment 
and (iii) the pale areas whose melanophores are in an intermediate 
state of dispersion (page lOl). The differentially dispersed melano­
phores of these pattern-units were subjected.to the effects of a drug
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known.to have a clear effect cn melancphcres. The purpose of this 
study was to observe whether or not each of these drugs has a uniform 
effect on groups of melancphcres in different parts of the pattern.
7.2 MTHOD.'
66 fishes were used in studying the effect of some adrenergic drugs 
on melancphcres in the different pattern-units of the plaice. The 
fish ranged from 7 - 1 0  cm. in their entire length, with an average size 
of 8 .5 cm. These animals were collected from the North Sea near Robin 
Hood’s Bay and were retained in large aquaria of dark colour in running 
sea-water. Each fish was transferred to a crystallising dish 12.5 cm. 
in diameter with sea-water and placed over a patterned background of 
a checkerboard of 1.0 cm. squares for 1 hour. During this period 
the- fish was fully adapted to this patterned background and showed the 
characteristic integumentary pattern. A photograph of the entire fish 
was taken before injecting any drug. A stock solution of 10 M 
concentration of the adrenergic drug was prepared fresh by dissolving 
it in Young's marine teleost Ringer (Young, 1933) and necessary dilutions 
were made from it. The fish were injected intramuscularly in the 
middle of the 'ventral' side with a dose of 0.1 ml. of various concentra­
tions of the drug and their entire photographs were taken whenever any 
change was observed. Photographing the same animal was continued at 
different time intervals. 0.1 ml. of a mixture of the minimum effect­
ive doses of an agonist of an adrenoceptor and the antagonist (blocker) 
of the adrenoceptor of opposite nature was injected into fish previous­
ly adapted to a background of 1.0 cm. squares or to a uniform white or 
black. Photographs of the whole fish were taken as before. Comparis­
on of the photographs of the entire fish before and after drug-adminis- 
tration was made to assess the changes in the chromatophores in differ­
ent pattern-units.
Drugs tested: Noradrenaline bitartrate (Winthrop Lab., Surrey);
Adrenaline bitartrate (John Bell and Croyden, London); Iso­
proterenol sulphate (Sigma Chemical Co., St. Louis); Tolazoline 
hydrochloride (CIBA, Sussex); Propanolol hydrochloride (ICI, 
Cheshire); Sotalol hydrochloride (Bristol Myers, Langley, Bucks.); 
Dichloroisoproterenol hydrochloride (Sigir.a Chemical Co., St. Louis),
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7.3 EFFECTS OF SOME DRUGS AFFECTING ADRENERGIC NERVE-FIBRES.
7.3.1 Alpha-stimulants.
Adrenaline hitartrate generally caused paling of the entire integ­
umentary pattern at concentrations of 10“  ^and 10“  ^M. It became less 
effective, particularly with regard to the dark areas of the dark 
patches, at a concentration of 10"^ M.
Noradrenaline bitartrate showed a relatively greater paling influe­
nce on the melanophores. in the dark areas of the dark patches with 
dose-concentrations of 10~^ to 10~^ M than on those in the general 
ground (the pale areas, the pale flecks and the white marginal spots). 
These were much less affected with 10~^ to 10~^ M. and injection of
10 " M NA, in fact, caused slight darkening (Plate 7“l). The approxim-
— 8 ■ate. minimum effective dose was found to be 10 M.
7.3 .2 Beta stimulant.
Isoproterenol produced an initial darkening of the general ground 
of the integumentary pattern at a concentration of 10 ^ to 10  ^M, 
while the dark areas of the dark patches were affected in the opposite 
direction (Plate 7-2). • The dark patches were nc longer visible 
in the pattern with 10 . M concentration of this beta-agonist. They
—  7  _  Q
showed less paling in fishes injected with 10 ' and 10 M doses and 
were not affected at all with weaker concentrations of up to 10 
Injection of a dose of 10  ^M isoproterenol produced a uniform aggreg­
ation of pigment throughout the integument.
7.3 .3 Alpha blocker.
Tolazoline apparently blocked the alpha-effects in the melano­
phores occupying the general ground of the plaice by inducing a very
—5
prominent darkening of this region with concentrations from 10 to
10~^ M. A reverse effect was very evident in the dark patches of the
fishes injected with 10”^ and 10“^ M concentrations (Plate 7-3) and
—7the effect was relatively less with weaker concentration of 10 M.,
Nith 10“  ^M the dark patches were no more visible, they were slightly 
distinct with lO”^ M, and were much more prominent in fish injected with
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a weaker concentration.
7.3.4  Beta-blockers.
Propanolol with a concentration of 10“  ^M produced fading of the
dark patches from the integumentary pattern of the plaice, in which the
general ground slightly darkened as a whole. This trend was much less
evident with 10 ^ M concentration and was reversed with lO"? m dosage.
Injecting 10  ^M propanolol resulted in a distinct paling of the general
ground, while the melanophores in the dark areas of the dark patches
remained more or less unaffected (Plate 7-4).
Sotalol :- Injection of 10“'^ M concentration of this agent killed
the animal. The fish showed very intensive darkening of the general
ground and the paling and breaking up of its dark patches before its 
“ 5 . *death. 10 M solution showed the darkening effect in the general 
ground and very slight paling in the dark patches (Plate 7-5). A 
further lower concentration of 10~^ M resulted in the slight paling 
of the general ground with apparently no effect on the dark patches. 
Solution of 10 M showed a slight darkening of the general ground 
in which the black dots became prominently visible giving the fish a 
granulated appearance. The dark patches remained more or less unaffec­
ted.
Dichloroisoproterenol (DGI) was effective in a dose range between 
-S -810 ^ to 10 M and showed differential responsiveness of the cells of 
different pattern-units. It caused an initial paling of uniform 
extent throughout the pattern with 10  ^M concentration, which was part­
ly abolished within 1-J- hours and completely in about 2-J- hours. A 
— 6 — 7weaker dose of 10 M and 10 M produced a short-lived paling effect 
in the general ground and less paling of the dark patches, which not 
only faded but showed the light areas through them as well (Plate 7-6)." 
Concentrations weaker than those produced very little macroscopically 
detectable effects on pigment movement of the intact fishes.
7.3.5  A combination of an alpha-stimulant and a beta-blocker.
Injection of a mixture of 10 or 10 ^ M NA with a solution with 
10 M of one of the three adrenergic beta blocking agents, propanolol, 
sotalol or dichloroisoproterenol, when injected into a plaice adapted 
for 1 hour to a background of 1.0 cm. squares resulted in a slight pal­
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ing of the whole integument. The paling effect became more obvious 
when NA had a concentration of lO"'^  M with any of the beta blockers.
The piling influence of the mixture was better observable in the general 
ground of the fishes used rather than in the dark patches. In this
combination mixture, propanolol appeared to be the most active, followed
by DCI and sotalol the least.
.In the fishes adapted to black for 3 hours a mixture of NA and DCI 
-7 -7
in 10 and 10 M concentration effectively produced considerable 
paling in the general ground, while the extent of paling in the dark 
patches was relatively less. A weaker concentration of NA in the mix­
ture caused slight paling in the general ground with no visible macro­
scopic effect on the dark patches.
7.3 .6  A combination of a beta-stimulant and an alpha-blocker.
A mixture containing isoproterenol and tolazoline in various propor­
tions caused an extensive darkening of the general ground of the skin 
pattern. The melanophores in the dark areas of the dark patches were, 
however, differentially affected. With 10 M isoproterenol and 10 ^
M tolazoline, the fish when injected showed very little effect of this 
mixture in its dark patches, while the general ground went very dark.
A mixture of the same substances with 10 ^ and 10 ^ M concentration 
caused distinct paling of the dark patches, while the general gi'ound 
showed some darkening. Reducing the concnetration of isoproterenol 
in the same mixture to 10 M resulted in a dark tone of the general 
ground in which the paling effect of the dark patches was negligible.
This mixture of a beta-agonist and an alpha-blocker with those 
concentrations used above was injected into plaice adapted to a white 
background for 3 hours. The fish were very pale and the general patt­
ern was hardly distinguishable, excepting for slight traces of the 
dark patches. With 10 ^ M isoproterenol and 10  ^M tolazoline in the 
mixture the general ground of the integumentary pattern became very 
dark, while there was little apparent change in the dark patches. The 
pale flecks and the dark patches were hardly distinguishable in the 
pattern of the fish. Diluting the amount of isoproterenol to.10 ? M 
and injecting it with 10”^M tolazoline slightly reduced the effect of 
darkening so that the dark patches and the pale flecks were better 
observed. Lowering the proportions of these two agents simply reduced
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"the darkening effect of the general ground, which enabled the less
3-ffGcted dark areas and the pale flecks to show through.
7 .4 CONCLUSIONS AND DISCUSSION.
The differential responsiveness of the melanophores even in a 
restricted area of an isolated piece of skin of Chasmichthys gulosus 
to various chemicals was observed by Pujii and Taguchi (1969). Pharma­
cological studies of flatfish with definite integumentary patterns have 
been made in the past by many workers (Osborn, 1939a; Scott, 1965,
1968; Scott et al., 1962a,b; Fernando and Grove, 1974 a, b), but no 
mention of the differential responses of melanophores in various pattern 
units was made. The present restricted study of the effects of some 
adrenergic drugs on the plaice cannot be conclusive, but it indicates a 
definite difference in the response of the cells in the dark patches of 
the pattern from those in the general ground of the skin pattern of this 
animal. The differential responses of the melanophores in the differ­
ent pattern-units were very evident when the fish were injected with 
a dose of 10 ^ M NA (Plate 7-l»a and b), 10 ^ M isoproterenol (Plate 
7-2.a and b), 10 ^  to 10 ^ M tolazoline (Plate 7-3) and 10 ^ M of all 
the beta-blockers (Plate 7-4 to 7-6) used in the present study. The 
melanophores in the dark patches showed greater melanosomal-aggregation 
resulting in their disappearance in the skin with higher concentrations 
of the alpha agonists and slight or little effect with weaker concentra­
tions. In the melanophores occupying the pale areas, the pale flecks 
and the white marginal spots, a stronger dose of NA (lO ^ M) caused 
further pigment-dispersion, while the weaker doses seemed to have little 
paling effects (page 27^). The beta-stimulant, isoproterenol, caused 
a melanosomal dispersion in the melanophores occupying the general grou­
nd with concentrations between 10 ^ to 10 ^ M, but a stronger dose call­
ed forth a paling in these cells (page 251 )• Similarly, the stronger 
concentrations of isoproterenol (lO ^  and 10  ^M) caused a definite 
pigment aggregation in the melanophores occupying the dark areas of the 
dark patches and doses weaker than these had little effect.
The reversal of the action of catecholamines and some related sub­
stances with a change in the concentration has been observed by Watanabe 
et (1962), Fujii and Miyashita ( 1976b) and Miyashita and Pujii (1975) 
(page 33 ). Isoproterenol has been shown to cause pigraent-aggregation
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in some fish including Pleuronectes platessa hy some workers (page 39 ), 
while Finnin and Reed (1972) observed a strong pigment-dispersing 
action on Pterophyllum scalare in vivo.
Blocking the alpha—site by tolazoline hydrochloride produced darken­
ing of the general ground, as' one would expect. On the contrary, 
the melanophores in the dark areas of the dark patches showed a distinct 
aggregation of the pigment. The effect of the beta-adrenoceptor 
blockade with the three blocking agents used were opposite to one anoth­
er with regard to the melanophores in these two general categories (i.e. 
the general ground and the dark patches ). There was generally little 
or no effect on the melanophores of the dark areas in the dark patches 
with concentrations lower than 10~^ M. , and lO”  ^M caused a slight pal­
ing in them (page 279 )• On the contrary, weaker concentrations of the 
beta-blockers generally caused pigment-aggregation in the melanophores 
in the general ground and doses of 10 ^ M its dispersion (page 279 ).
Mediation of melanosomal concentration through the alpha-adrenocep- 
tors in the plaice has been suggested by Fernando and Grove (l974a, b). 
Evidence of a beta-receptor site on melanophores in many fishes is 
accumulating by the work of many authors (page 38 ), Although the 
present work is insufficient in showing the presence of beta-adreno- 
ceptors, it does indicate a differential response of the melanophores 
in various pattern-units to chemical stimuli. Similar differences 
in the response to retinal stimuli of various natures were observed and 
described in previous sections. This difference in responsiveness of 
the melanophores of the same animal has previously been observed by 
some workers in this field (see section 1.5» page 53-54)» This differ­
ential response of melanophores in different areas of the pattern to 
chemical stimuli could be associated with (i) their inherited capability, 
of being differentially affected by the difference in the concentrations 
of the neurotransmitter released at the nerve terminals (Miyashita 
and Fujii, 1975 ) or (ii) their having a difference in the number of 
alphar- and beta-receptor sites. If it is assumed that the melanophores 
in the dark areas of the dark patches have a preponderant population 
of the alpha-adrenoceptors and those in the pale areas, the pale flecks 
and the white spots, of beta-/with a difference in their thresholds of 
stimulation, the differential response to various stimuli of different 
kinds can be explained. The strong pigment-aggregation effect of 
A and M  on melanophores in the dark patches (page 2J8) indicates a
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predominance of the alpha-receptors over beta-in them. The failure of 
the beta-agonist (isoproterenol) (page 278 ) and the blocker of the alpha- 
site (tolazoline) with a large range of dosage-concontration to produce 
a marked melanin dispersion in these cells supports this view. Similar­
ly, the number of the beta-sites is indicated to be low as these sites 
are easily blocked to let the alpha-effects be expressed.
.Very evident darkening of the general ground following administrat­
ion of the alpha-adrenoceptor blocking agent, tolazoline (page 27b) 
and very little or no effect of doses weaker than 10~^ M of NA (page 278) 
suggests a relatively less number of alpha-adrenoceptors on these cells. 
Blockade of the preponderant beta-site through propanolol, sotalol or 
dichloroisoproterenol caused an initial darkening of this region (throu­
gh a possible incomplete blockade of some beta-sites) and a paling of 
low magnitude thereafter (page 279).This and the strong pigmentary 
effect of the beta-stimulant isoproterenol indicates a dominant role of 
the beta-receptor sites in melanophores of the pale areas, the pale 
flecks and the white spots. The differential response of the same 
groups of melanophores to different concentrations of the same drug does 
indicate a differentially stimulatory capability of the melanophores in 
the plaice.
8 DISCUSSION AND CONCLUSIONS.
The mechanism of "pattern-matching" in P. platessa is accomplished 
through a change in the general tint and through the differential 
responses of a number of pattern-units in the skin. The division of the 
pattern into specified areas is necessary to describe the details of 
this phenomenon of background-adaptation'in these fishes. Some of the 
sites of chromatic activity in flatfishes have been defined by Sumner 
(1911), Hewer (1927, 1931) and Lanzing (1977). These have been extend­
ed to cover the whole pattern in the present study (pages 70 - 7 6).
The integumentary pattern of the plaice appears to be a product of 
(i) a differential distribution of the chromatophores (pages 76 - 79, 
Table 2), (ii) a difference in the size of chromatophores of various 
pattern-units (pages 76 - 79, Table l) and (iii) the capability of the 
chromatophores to respond differentially under the influence of the 
same stimulus (sections 3.5 and 7.3). Combined with this is a differen­
tial distribution of iridophores which is only altered in the course of
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quantitative colour change. As many as 7 different pattern-units 
have been found to he engaged in the process of "pattern matching" 
in the plaice (pages 70 — 76 ) hut adaptation to a patterned background 
seems to result from the activity of the melanophores in the dark 
patches, the dark zones, the pale zone, the pale flecks and the white 
spots. The melanophores in the orange and black spots are generally 
the least affected, while the melanophores in the dark dots help in 
altering the granulation of the skin while responding to some patterned 
backgrounds. The most abundantly located chromatophores in the skin of 
the plaice are the melanophores and the iridophores. The xanthophores, 
erythrophores and leucophores are fewer in distribution in that order. 
The process of background "matching" is primarily achieved through the 
activity of the melanophores of the upper dermis. Iridophores are 
unable to show transient movement of their pigment but through an active 
transient displacement of the pigment in the melanophores, the irido­
phores may be fully masked or maximally displayed, so allowing extremes 
of darkness and paleness in the pattern on the skin.
Plain backgrounds of black, white and greys result in an initially 
transient colour change, which, on maintaining the same conditions, 
tends to produce a homogeneity of colour in the various pattern-units.
This change in the general tint can only be achieved by the movement of
the pigment in the melanophores in the different pattern-units so as 
to reach a state of equilibrium. This state of equilibrium is, how­
ever, different in various pattem-units and depends on their location. 
The melanophores in the dark areas of the dark patches and the dark 
zones may not have to alter the state of pigment dispersion on black
and greys near D.O.I. 8 so much as those of the pale zone, the pale
flecks and the white spots. Similarly, reverse is true of these cells 
during adaptation to white or to greys reflecting more light. The 
dispersion of melanosomes in melanophores in the pale flecks and the 
white spots during initial stages of adaptation to a white or uniform 
pale background (see page 174) indicates a trend of the fish to 
become homogeneously pale, for which again the more prominent areas of 
the pattern have to be concealed. A uniform tone is not achieved if 
all the melanophores in different pattern-units have the same M.M.I.
In those individuals which do achieve a uniform tone the difference 
in the size and number of melanophores in the different pattern-units, 
often associated with iridophores, would determine the extent of the 
degree of dispersion of melanosomes within them. In fact, some
285.
individuals retain traces of their major dark areas after many months 
on a white background. Similarly, some individuals retain a vivid 
white pectoral spot or even the rows of marginal white spots after a 
similar period on a black background. A fixed position of the chroma— 
tophores in the skin of the flatfish is, obviously, a limitation to 
their pattern—forming capability. Not many different kinds of integu­
mentary patterns can be expected from such an arrangement of chromato— 
phores, unless there is present a well organised system through which 
chromatophores of the different pattern-units could be differentially 
stimulated under the influence of the pattern of the background.
The fish responds to various plain or patterned backgrounds by 
altering the state of melanosomal-dispersion to a varying extent in 
different pattern-units (pages 92 — 105). This may generally involve 
the working of various pattern-units against each other to result in 
the final skin pattern. While adapting to some patterned backgrounds 
some melanophores in the same pattern-unit may show dispersion of the 
melanosomes, while others show aggregation. Different dispersion 
reactions of melanophores to stimuli of the same nature in the plaice 
indicates a highly developed neuro-effector integrating system. The 
mechanism in which this integrating system is brought into action is 
associated with the perception of the image from the eyes. The 
intensity of light reflected from the background and the retinal differ­
entiation have been thought to play a key role in the chromatic respons­
es of the fishes' (sections 4.3, 4*4, 4.5 arid 4.6). When a background 
reflects most of the incident light the fish becomes pale and when it 
reflects the least, the fish becomes dark. Backgrounds of intermediate 
reflectivity have effects between'the two extremes as long as the 
reflecting surfaces are homogeneous (pages 171 - 197). A background 
of the same reflectivity but having a pattern on it may result in an 
entirely different integumentary pattern from that of a plain background. 
The patterned b/W backgrounds have been found generally to result in 
an integumentary pattern of variable contrast between the light and dark 
areas of the skin, whereas the plain backgrounds result in a more or 
less uniformly tinted skin. The contrast in the pattern may reach a 
level in which the dark areas of the pattern may have their pigment in • 
rather greater dispersed state than is achieved even when the fish i.s 
well adapted to a plain black background (page 22^.
Rate of adaptation of the plaice to a plain or a patterned background
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and nature of the pattern to he formed on the skin is determined hy 
various factors ( pages 108-110). The extent of previous adaptation 
of the fish to any background is one of the most important factors.
With regard to the nervous responses of a fish towards patterned back­
grounds, it may adapt to plain black and white backgrounds or their 
reversal in three phases, I, II and III (pages 152 — 156). During phase 
I of adaptation it becomes well adapted to the new background (in terms 
of M.I.). If the fish has previously been on a mottled background it 
maintains its nervously initiated chrc^Qg^ic responses to a patterned 
background. If previously long black adapted it quickly (within 4 days) 
develops its responses to a patterned background. . If previously long 
white adapted a longer time (c.a. 18 days) is required for response to 
pattern. During its phase II of adaptation the influence of its 
previous adaptation may become effective and the nervous response be 
greatly overridden so that the response to pattern decreases. During 
phase III of adaptation the plaice becomes well adapted to the new 
background and the nervous activity in response to a patterned background 
is either reduced to a point of extinction (on white) or is greatly 
reduced (on black) (pages 165 -169 ). Phases II and III are not very 
clearly distinguishable in the case of fishes which have been placed on 
black (pages 167 - 168). Reversing the backgrounds of the fishes adap­
ted to black or white for about 100 days shows an unexpected response.
The melanophores of all the pattern-units of W(m)-, ¥(b)- and W(wb)- 
adapted fishes, with abundant paling hormone, reaches a nearly maximal 
state of pigment-dispersion within a few hours of background reversal 
to black. The reverse happens in B(m)-, B(w)- and B(bw)-adapted fishes 
on reversing the background to white. The response of melanophores 
of such long black- and white-adapted fishes following background rever­
sals indicates a possible involvement of alpha- and beta-adrenoceptors 
(pages 170 - 171 ). It has been suggested that the long unused receptor 
site, in some way, becomes overSensitized and bring about a hyperactiv­
ity of the effector cells (page 197 ). It has been suggested that the 
chromatic changes during adaptation of the flatfish to patterned back­
grounds are caused by (i) the configuration of the objects in the back­
ground, (ii) the size of the figures in the background, (iii) the prop­
ortion of black and white in the background and (iv) the contrast in 
the background by some workers (pages 109- llQ.
A scheme describing the adaptive changes in various pattern-units ,
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of the plaice during its "pattern-matching" with the background is out­
lined in Section 3*5 (pages 92 -96 )., These changes are brought about 
by the differential action of the melanophores in different pattern- 
units. These chromatic changes do not appear to be as simple as those 
described by Lanzing (1977) (page57-58)* The integumentary pattern in 
the plaice is determined by the differential action of melanophores in 
more than the patterned and non-patterned systems described by Lanzing.
The melanophores in the dark zones, the pale flecks and the dark dots 
cannot be neglected -in this context. Moreover, Lanzing*s division 
of the pattern of the plaice has no microscopic support. His non­
patterned system covers an area in the skin which includes tha pale zone, 
the dark zones, the pale flecks and the black dots and thus has a well 
defined patterned arrangement of melanophores in itself. His patterned 
system includes the dark patches of patterned melanophores and the white 
spots of patterned iridophores. The microscopic studies of the white 
spots have revealed that these pattern-units contain closely associated 
melanophores and iridophores. It is exclusively the pigment migratory 
activity of these melanophores which enables the spots to take any part 
in "pattern-matching". The iridophores appear unable to move their 
pigment. They help to reflect the incident light which may pass with 
varying intensity through the moveable pigment of the melanophores of 
these spots. '
The fish appears to possess a remarkable "memory" of background- 
pattern recognition. It takes less time to adapt to a patterned back­
ground in subsequent trials than in the first one, provided there is 
no interference by other factors. Improvement in adaptation to back­
ground by the fish under conditions favouring the development of an 
integumentary pattern has been described bn page 238 and this character­
istic phenomenon has been termed "facilitation".
How far the configuration of the background, the size and the dist­
ance of the objects in the background, the overall contrast of the back­
ground and the relative proportion of black and white in the background 
separately affect the resultant pattern in the skin of the plaice is 
difficult to determine. Individual variation cannot be controlled.
The effects of previous adaptation of the fish are clearly of prime 
significance. Similarly a contrast in the background, with some limits, 
is of significance for the formation of the pattern in the skin.
A high degree of visual acuity in many fishes has been reported
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(Engstrom,. 1963; Engstrom and Ahlbert, 1963; Motokawa, I970). This 
agrees with observations on chromatic activity. It has been observed 
that the plaice of the size used in the present investigation (c.a. 7 ~ 
12 cm.) are capable of differentiating between objects as small as 0.1  
cm. squares from those 0.2 cm. squares and- chromatically respond to 
acquire a different pattern (section 4 .6). The recognition of b/w 
squares of 0.2 and O .4 cm. and to form patterns entirely different from 
each other is still more obvious. Similarly plaice have been found to 
respond differently to circular spots of different size (pages 98 - 101)
This indicates a definite interpreting system in these animals capable 
of differentiating objects. This system appears to easily detect 
objects as small as 0.1 cm and O.O3 cm (as circular spots) in the 
immediate surroundings of these animals and is capable of differentiat­
ing the figures of different size and shape.
The proportion of black and white in the background has an influence 
on the nature of. the final pattern in the skin. Backgrounds with less 
than c.a. 10^ of white tend to produce some chromatic changes character­
istic of a plain black background. Backgrounds in which white predom­
inates cause an integumentary pattern apparently nearer to that formed 
on a plain white background (page 226 - 229, Figures 4-10, 4-ll). A 
minimum of 4^ of black in the patterned background is sufficient to 
initiate a nervous response in the plaice tending to activate the melan­
ophores in the dark patches to disperse their pigment so that they are 
observable in the paled integument (page 227 )•
Section 4»5 shows that a range, of c.a; 10 - 90^ in a plain or a 
patterned b/w  background produces chromatic changes which seem to be 
determined more by factors such as the nature, shape and size of the 
figures on the patterned background and the distance between them than 
the black and white proportion alone. The effect of the reflectivity 
of the plain and patterned backgrounds on the chromatic activity of the 
plaice has also been estimated in Sections 4*3 and 4*4 and the results 
again generally indicate that the greater the amount of light reflected 
from the background the more are the paling effects in the integumentary- 
pattern. The converse is true of backgrounds reflecting little light. 
Backgrounds of intermediate reflectivity have more or less intermediate 
effects although these are modified by the factors mentioned above. ,
When the reflectivity of the patterned background is changed by 
altering the D.O.I. of its components and by filling the circular spots
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of a pattern by stages with the tint of the ground to produce ever 
thinner rings ohe fish shows two very different types of response. 
Altering the D.O.I. of either the circular spots' or the general 
ground; while keeping the dimensions of the pattern constant, results 
in no appreciable change in the dimensions of the pattern developed 
on the skin. However, the tint of the pattern-units changes in accord­
ance with that of the background elements until the approximate 10 - 
90^ black and white limits are reached. Outside these the fish dark­
ens or pales to such an extent that the pattern on it can no longer be 
accurately distinguished. Presentation of filled circles results in 
changes in skin pattern which are in no way comparable. As the 
filled circles change by stages into narrow ring's the pattern on the 
skin becomes broken up into smaller areas. Within the approximately 
10 - 90^ black and white limits the ring presents the same contrast of 
black and white to the"ground and the pattern developed on the skin is 
similarly contrasty. The ring, as such, produces no such comparable 
pattern. Again, outside the 10 - 90^ limits the skin darkens or 
pales considerably. '
• The visual discrimination of the elements of the patterned back­
grounds seems to be high in these bottom feeding fishes as seen by 
their chromatic responses. They are not only capable of differentiat­
ing the reflectivity of the background figures (section 4«4) but 
can differentiate the shape as well (section 3«5). The differential 
chromatic responses to backgrounds having variously shaped b/w figures 
(Sumner, I9II; Mast, I9I6;- Groot et al., 1969; Lanzing, 1977» see 
pages 98 - 105 as well) indicates this capability. The results of 
section 3*5-2 and 4*5 further confirm the same point.
Results described in Section 4*6 appear to support Mast (19I6) 
who believed that the smaller figures in the background pattern tend 
to produce a uniformity of the skin pattern and the bigger an emphasis 
of the pattern-units. It was generally observed in the present 
study that the smaller figures reduced the contrast in.the integumentary 
pattern, while larger figures resulted in an increased contrast.
An active displacement of the melanosomes in the cells of the plaice 
within a short period indicates a nervous control of these cells.
While adapting to e.g. a background of b/w  squares of 0.1 cm. sides, 
the fish undergoes aggregation of the pigment in one group of cells and 
a simultaneous dispersion in another within a short period of a few 
minutes (or seconds if there is facilitation). This pigment—movement
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is not only repeatable but can also be altered, in direction within 
another few minutes by exposing the fish to a background of b/w 
squares of 1.0 cm. sides (page 104; Plate 4-1 ). This clearly
indicates that the nervous system is engaged in controlling the melano­
somal movements in both directions within the melanophores. The eyes 
act as the organs for the reception of visual stimuli which are inter­
preted in the brain to initiate or modify the coordination of the 
receptor—effector integrating system and allow the expression of their 
relative information. This information may be passed to the whole of 
the pigmented side of the fish or to only the 'dorsal' or the 'ventral' 
half (contralateral effect) (pages 262 264),
Pleuronectes platessa is, on the whole, a good background—adapter 
and often very difficult to distinguish from the background. However, 
the size or the shape of the objects in the background is never truly 
simulated in the pattern of the skin. Some previous workers like 
Pitkin (1912) and Loeb (1912) maintained that there is an actual repo- 
duction of the pattern of the background in the skin of the fish, with 
some corrections of the distortion of the image, due to the low-lying 
position of the eyes. Loeb (19I2) thought that the different luminous 
points of a background stimulate as many points in the retina of the 
fish. The images,of the retina are then truly projected onto the 
nervous system from where the impulses, having the same spatial inter­
relation as have the various points in the background and the different 
points stimulated in the retina, produce a true reproduction of the 
background pattern on the skin. This appears to restrict the role of 
the nervous system to the simple transmission of impulses from the 
receptor to the effector. A scheme like this has long been rejected 
by workers in this field (Mast, I9I6; Osborn, 1939a; Groot et al., 
1969) and in the light of present knowledge of visual processing in 
the retina and brain it can no longer be considered (Kuffler, 1953; 
Marier, I96I; Hinde, I966; Hubei and Wiesel, 1962 - I968). Sumner
(1911) believed that the integumentary patterns of flatfishes.change 
end continuously harmonize with that of the background, although the 
latter is never copied in the true sense. Mast (19I6) and Lanzing 
(1977) also maintained that the pattern of the backgrounds is not truly 
copied by the flatfish and that the variety of colour pattern adaptation 
is based on the production of a limited number of patterns in the skins 
of these animals. The present investigations also support this view.
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The incorporation of a central integrating system for control of 
colour change has been emphasized by many workers (von Frisch, 1911b; 
Schaefer, 1921; Gentle, 1969; 1971a’,b, 1972b; Iwata and Pukuda, 1973). 
The present study also indicates a prominent role of central nervous 
integration in colour and pattern changes of the plaice (section 5.2).
Lanzing (l977) suggested a means by which "pattern-matching" in the 
flatfishes might- be accomplished. He has apparently oversimplified the 
complex phenomenon of "pattern-matching’ by assuming the existence of 
only two chromatophore systems (page 57 ). He also assumed the exist­
ence of "a limited range of preset neuronal circuits", each capable of 
inducing a particular chromatophore pattern. His concept comes fairly 
close to that of Maynard (1967) for the cuttlefish Sepia officinalis, 
according to which there exists a pattern-position separation system, 
capable of controlling chromatophore units with a minimum of integrative 
elements. In the plaice, the actual events during pattern-transformat­
ion may,involve bidirectional melanosomal movements in different pattern- 
units, sometimes accompanied by such changes within a single pattern- 
unit. The pattern-transforming scheme of Lanzing does not cover all 
the events in different pattern-units. Moreover, such a system alone 
cannot be expected to bring about the differential responses in the 
melanophores of various pattern-units and within one and the same pattern- 
unit,nor can it explain the differential rates of melanosomal movements 
within melanophores of the same or of different units.
In any consideration of pattern control the innervation of the mela­
nophores must be considered. The role of adrenergic nerve-fibres in 
bringing about pigment-aggregation through the stimulation of the alpha- 
sites of the melanophores of the. plaice and the sand flounder 
Scophthalmus aquosus has been described by Scott (1965), Wilhelm (1969a) 
and Fernando and Grove (1974a, b). The. results of Section 7 (pages 
276 - 283) support the role of the alpha-adrenoceptors in mediating 
pigment aggregation and indicate a possible involvement of the beta- 
receptors in its dispersion. The differential response of the melano­
phores of different pattern-units to the same kind of retinal stimuli 
(as on a light uniform background) indicates that there may be a differ­
ence in the number of alpha- and beta-adrenoceptors on the melanophores 
(page 282 ). It is possible that after the retinal information from the 
two eyes is decoded by the integrating system, impulses of variable 
frequencies are passed through a set of neuronal paths to the melano­
phores of the different pattern-units. Within any one melanophore
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of such a unit changes in the impulse rate in the nerve—fibre suppyling 
it and consequent changes in the amount of transmitter would affect 
the alpha-and beta-receptors to a varying extent.' -The alpha-receptors 
would be most influenced at higher frequencies and their effects 
would predominate, while the effect of the beta-receptors would pre­
dominate at lower frequencies. In addition, if the number of alpha- 
and beta—receptors were not the same on all melanophores innervated by 
one neurone within a unit, any given concentration of transmitter would 
have different effects upon these melanophores (pages 28l-283)jDne could 
conceive of one nerve-fibre supplying a number of melanophores so that 
at high impulse frequency the pigment in all of them was fully aggregat­
ed, while at lower frequencies the degree of aggregation/dispersion 
varied from one melanophore to another. If each terminal branch of 
the neuron supplying various melanophores does not produce the same 
amount of transmitter per impulse, the situation is still more complic­
ated. Differences in the response of the various types of pattern- 
unit could result from different impulse-rates in the nerve-fibres 
supplying the melanophores present in them. Further, if the melano- 
phore-groups within a pattern-unit were innervated by fibres carrying 
different impulse-frequencies the pattern-unit itself could become 
divided or unified according to the inequality or equality of the chan­
ges in its component melanophores. In such a way the melanophores 
vjithin a pattern-unit and in different pattern-units could be. differ­
entially stimulated to produce melanosomal movements in different 
directions and at different rates. Thus the centrally integrated 
information could be transmitted peripherally to give rise to a large 
number of integumentary patterns.
Unlike the condition described by Lanzing (1977) the two halves 
(dorsal and ventral) of the pigmented side of the plaice are not arrang­
ed completely as a mirror image of each other. The difference in 
the arrangement of the melanophores becomes more evident when their 
distribution within individual pattern-units and their responses in the 
two halves is considered. As a result of this distribution the plaice 
does not form a pattern in its skin which is symmetrical in the two 
halves. The orange and black spots and the white marginal spots are, 
however, more or less symmetrically arranged in the two halves. This 
arrangement of the pattern-units of the pigmented side of the plaice 
becomes doubly interesting because these halves are parts of the larval
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dorsal and ventral aspects of the fish. There appears to he a general­
ly synchronised chromatic activity in the two halves of the functionally 
'dorsal* side of the plaice, although there may he some difference in 
the degree of contrast of the two comparable pattern-units (see Plates
4-75*a, 4-79*a). This indicates the formation of an almost identical 
network of chromatic fibres in the dorsal as well as the ventral pigmen­
ted halves of the plaice at some stage of development. . The chromatic 
activity of the melanophores produced experimentally on the 'ventral* 
side of the plaice, which comprises the unpigmented halves of the anatom­
ically dorsal and ventral aspects of the left side, indicates that al­
though these cells may simulate the response of the 'dorsal' melanophores, 
their mode of innervation is in no way identical (page 275 ). This 
situation is not comparable with that in teleosts other than flatfishes, 
in which the mode of innervation of the right and left (dorso-lateral) 
sides is bilaterally symmetrical and the ventral sides are normally 
unpigmented. In plaice and other flatfishes the pigmented (right/ 
left) side is comparable with one entire side of a bilaterally symmet­
rical animal consisting of dorsolateral (pigmented) and ventral (unpigm­
ented) halves. The innervation of the melanophores in both halves of 
the pigmented side of these fishes is from the respective right or left 
autonomic chain and associated spinal nerves. The melanophores which 
are experimentally produced on the 'ventral' (left) side of the plaice 
presumably derive their innervation from the left sympathetic chain. 
Sectioning of the sympathetic chain in Scophthalmus aquosus by Scott
(1965) and in the plaice by Fernando and Grove (1974a) has indicated 
that the melanophores in the two halves of the pigmented side of these 
flatfish are innervated by the nerve-fibres derived from the sympathetic 
chain of that side. The differential responses of the two halves of 
the plaice when exposed to some patterned backgrounds or to 
a combination of two backgrounds (page 251 ) indicates that there is 
either some difference in the mode of innervation of the two halves 
(dorsal and ventral) or in the characteristics of the melanophores 
occupying them. The differential innervation of the two sides has 
been associated with the movement of the left eye during metamorphosis 
of the larval plaice by Pouchet (1876) and von Frisch (1911b).
There exists the possibility of the incorporation of a part of the , 
chromatic network from the left sympathetic trunk with that of the 
'dorsal* side at the postlarval stage of the plaice which could not 
only control the activity of a large number of the pigment cells being
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developed but also bring about a differntial response in the melanophores 
of the two halves of the pigmented side. Such an anatomical trans­
formation would be of significance for the chromatic behaviour of these 
animals.
Since the 'ventral' side of the plaice and other flatfishes is with­
out any melanized chromatophores and the cells which are experimentally 
induced to be such are not as many as on the 'dorsal' side, no well • 
developed network of the chromatic nerve—fibres is apparently required. 
The unpatterned arrangement of the 'ventral' melanophores in the heavily 
melanized fish I9 (page 267, Figure 6-1) and in Paralichthys dentatus 
(Osborn, 1941b, pi, l) is presumably a result of the poorly-developed 
chromatic network on this side. In addition to their differential 
innervation, the melanophores of the 'dorsal' side and the experimental­
ly produced melanophores of the 'ventral' side may vary in their chrom­
atic activity because they are (i) of different 'age' or (ii) different 
in their innate response characteristics. Age of the newly-formed 
melanophores in the minnow Phoxinus phoxinus influences their background 
responses, the older melanophores being more responsive than the 
younger ones (Ahmad, 1974). In plaice there is possibly melanin synth­
esis in depigmented melanophores already present on the 'ventral' side 
(page 272 ) which, however, is contradictory to Ahmad's view of new 
formation of melanophores. These melanophores may. therefore, be as 
old as the 'dorsal' ones. The innate difference in the responsiveness 
of the melanophores in various parts of the body has been indicated by 
the present study (page 282 )• It is highly probable that the melano­
phores on the 'ventral' side of the plaice may differ from those on the 
opposite side and from one another (those in the light and dark areas, 
page 269 ) in this respect. As mentioned on page 275 it is also 
highly probable that their depigmented state may result from the nervous 
and hormonal conditions obtaining a pigment-aggregating condition 
(persistant alpha-effects) and the induction of melanization from a 
reversal of this state. As a result there is overstimulation of the 
long unused beta-adrenoceptors at earlier stages of the experimentally 
"stressed" 'ventral' melanophores undergoing melanogenesis and then a 
gradual restoration of the nervous control (pages 274 - 276 )•
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It call DG concluded that the colour and pattern change in the plaice 
Pleuronectes platessa is under dual nervous and hormonal control.
Colour and pattern changes in these animals are mainly brought about 
by the differential activity of the melanophores of variable number 
and size in the pattern-units which are capable of moving their melano— 
somes in both directions. This movement is under the control of the 
adrenergic postganglionic sympathetic nerve-fibres and is mediated 
through alpha- and beta-adrenoceptors. Background colour and "pattern- 
matching" in the plaice largely depends on many factors including the 
previous background history, the amount of incident and reflected light, 
the proportion of black and white in the background (as contrast in the 
patterned background), the size and the shape of the objects and the 
distance between them and the size of the animal. The rate of adaptat­
ion is greatly variable in different individuals and also depends on 
the extent of 'learning'. There are at least seven definite areas 
of chromatic activity which determine the nature of the resulting 
integumentary pattern. The melanophores in the pale flecks, the 
white spots and the light areas of the dark patches generally resemble 
one another in their response and those of the dark zones and the dark 
areas of the dark patches resemble each other. Melanophores in the 
general ground (pale zone) are intermediate to the two in their respons­
es. However, adaptation of the plaice to many patterned backgrounds 
is accomplished through the differential response of the melanophores 
of some pattern-units like the dark patches, the pale and the dark zones 
and the pale patches around flecks and spots. The melanophores in the 
dark dots are effectively stimulated only by a few patterned backgrounds, 
bringing about granulation of the skin. It may be assumed that the 
components of the background normally stimulate the retinae differently 
and that the impulses are integrated in the retina and brain. They 
are then passed through a set of motor nerve-fibres to melanophores in 
different pattern-units usually carrying different messages. - As a' 
result, variable amounts of the neurotransmitter(s), released at the 
neuro—effector- junctions, may induce the differential responses in the
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melanophores of* differnt pattern-units or in those of, the same unit 
system. This differential responsiveness of melanophores in different 
parts of the body is presumed to be an inherent quality of these cells, 
exaggerated by the difference in the population of the adrenoceptors 
on them. Some anatomical atrophies may accompany the migration of the 
left eye of the fish during postlarval metamorphic changes which, as a 
result, render the two pigmented halves of this fish to some extent 
comparable with the left and right sides of a bilaterally symmetrical 
fish. The postlarval changes in the nerve-tracts of the plaice simpli­
fy the chromatic network on the ’ventral' side with the result that these 
unpigmented cells, when experimentally made to acquire the pigment, fail 
to correspond with those on the opposite side in their arrangement as 
well as in their chromatic behaviour.
9 - SUMMARY.
New contributions to the field of study are marked. * •
Section 2. ,
1 - The techniques adopted for the maintenance of the plaice in 
the laboratory (61-62).
2 - Apparatus for the macro- and microscopic recording of the chrom­
atic activity of the fish (63).
3 - The general technique for the E.M, study ( 64 - 67).
4 - An apparatus designed for the melanization of the 'ventral' 
skin (67).
5 - A method for the estimation of colour and pattern changes in 
the skin of the plaice ( 68 - 69).
6 - The mean melanophore-index used to compare chromatic changes 
(Plate 2-3, Vol. II).
Section 3«
♦ 7 - The integumentary pattern consists of seven distinctly recog- 
nisable pattern-units ( 70 - 76).
*8 - Melanophores are located in the epidermis, the upper layers of 
the dermis and in the lower dermis and vary in their average size 
and distribution in different pattern-units (76-79).
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*9 - The chromatophores react differentially within the pattern- 
units and thus help in determining the pattern as a whole ( 8o).
*10- The ultrastructure of the chromatophores in the pigmented 
’dorsal* and ’ventral’ skin of the plaice is described and the 
melanophores and iridophores of the two sides of the body are 
compared (80 - 9l)«
*11“ in principle, the melanophores of the epidermis and dermis of
the ’dorsal’ skin resemble each other and the experimentally
produced melanophores on the ’ventral’ skin in their ultrastruetural 
anatomy (80 - 82).
12- A method to co^irm the existence of leucophores in the plaice
(86 - 87; Plate 3-8.e).
*13- The ultrastructure of the developing stage of presumed xantho­
phores ( 9 0 - 91).
*14“ Some ultrastruetural abnormalities indicating chromatophore 
metaplasia ( 91 - 92).
*15- An outline description of the role of different pattern-units 
of the plaice adapting to plain and patterned backgrounds (92-97)-
*16- The neurally controlled macroscopic and microscopic changes in 
the pattern as a whole and in the representative pattern-units 
produced in the fish while adapting to various patterned back-'
.9 grounds (98 - IO5).
*17- The colour and pattern changes in the integument of the plaice 
appear to be brought about by the differential movement of melano­
somes in the melanophores in different pattern-units. Micro­
graphs of the anterior dorsal dark patch and of a pale fleck along 
the lateral line (or one of the marginal white spots) can suffic- 
• iently illustrate the pattern-transformations when examined in 
collaboration with photographs of the entire fish (97)-
Section 4-
18- The previous adaptation-history, size of the fish, nature of 
configuration of the background, size of the figures and distribu­
tion between them and the overall contrast of the background are 
important factors in determining the nature of the final pattern
' I
in the skin (IO8 - lio).
*19- A method to analyse the effect of the background history of the 
fish on its neurally controlled chromatic behaviour ( 112 - 117)-
298.
■*20- The adaptive trends of the mottled background-adapted fish 
during its adaptation to a white background for up to over 10 
months and the rate of depigmentation in melanophores of different 
pattern-units for 100 days of whit e-adaptation (w(m)-)(H7 - 119). 
*21— The effect of W(m)-adaptation on the neurochromatic responses 
is assessed during different stages of adaptation. Observations 
indicate that the magnitude of the response of the pattern-units 
decreases with an increase in W(m)-adaptation: the fish cease to
respond differentially to the stimulating backgrounds in its pale 
flecks ( and in white spots) by day 23; in its surrounding normal 
area (i.e. the pale areas) by day 60; and in the light and dark 
areas of the dark patches by day 100 of W(m)-adaptation (ll9 - 124). 
■iP.2- Adaptation to black of a plaice from a mottled b/w background 
(B(m)) involves a progressive darkening of the integument and is 
achieved through both quantitative increase and M.I. increase 
within 40 days. Longer B(m)-adaptation up to over 10 months may 
further increase the melanin-amount but the maximal state of 
dispersion(M.I. 5) is never reached on black in any pattern-unit
( 124 - 127).
* 23- On a black background the quantitative increase of melanin in 
the melanophores may reach a level at which the cell appears not 
to be able to retain it and may burst. Such a process may result 
in a decrease in melanophore number reaching about 8% in the dorsal 
fin of B(w)-adapting fish. (138, Plate 4-23).
* 24- The selective neurochromatic responses of the B(m)-adapting 
fish to the stimulating backgrounds remain well-defined and their 
magnitude is not affected as adversely as in the case' of VJ(m)- 
adaptation although it seems to become reduced with length of 
adaptation ( 128 - 134).
* 25- Transfer of the 101 days W(m)-adapted fish to black results in 
a maximal dispersion of whatever little amount of pigment is pres­
ent in the melanophores of all the pattern-units within a few hours. 
These cells progressively regain melanin and the ability to respond 
differentially is revived at a variable rate in the different pattern- 
units together with an inability to reach M.I. 5 011 black (see 22) .
(1 3 4 - 138).
* 26- The 108 days B(w)-adapted fish fail to show any uniformly 
darkened integument ( in contrast to the B(m)—adapted fish in a 
much shorter time) and there is a great contrast in the light and
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dark areas on the skin ( I35; Plate 4-20).
* 27— The neurochromatic responses to patterned backgrounds of the
B(w )—adapting fish remain well marked throughout the length of 
adaptation. The magnitude of response mostly remains well-defined
( 138 - 144).
*28- Reversal of the background of the B(m)-adapted fishes to white 
results in considerable paling of the integument in only 6 - 8  
hours through pigment-concentration and this is followed by a slow­
er; increase in paling ( 145 _ 147).
29- Some of the melanin which is no longer required is excreted out
of the melanophores through lysis ( I46).
* 307- The neurochromatic responses of a W(b)-ad'apting fish indicate a 
profound effect of W(b)-adaptation and its inability to respond 
differentially to the stimulating backgrounds within a short period 
of 12 days only (of- No. 21 ) ( 148 - I52).
*31- Returning the fish to white for W(wb)-adaptation results in 
faster paling than in W(m)- and W(b)-adapting fishes, and the minim-
■ al M.M.I. values are reached in I9 - 27 days. Excessive amount of 
•pigment is got rid of through lysis ( and possibly also by metabolic 
processes) and not by the actual loss of melanophores as has been 
suggested by many workers in this field ( 1^2 - 154).
* 32- The W(wb)-adapting fish show inability to respond to a patterned 
background in only 12 days and this condition continues thereafter
(1 5 4 - 157).
*33- Returning the fish which had previously been adapted to B(m)- 
and W(b) for about 100 days each into a black container produces a 
nearly maximal degree of dispersion of the small number of pigmented 
melanosomes left in the skin within 1 - 2  days. In about 10 days 
the melanophores resynthesize the melanin in sufficient amounts to 
allow the appearance of the basic pattern ( I58 - 159).
* 34- The almost maximal state of pigment dispersion is lost in the 
melanophores of the pattern-units with an increase in B(bw)-adapta­
tion, those of the pale flecks being the first, followed by the light 
area of the dark patch, the surrounding normal area and the dark 
area in the dark patches in this order ( 159 - I6I).
*35- The capability of differential responses to patterned backgrounds 
is regained by the pattern-units at various rates in the B(bw)- 
adapting'fish ( 161- 163). • .
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* 36- The effect of previous adaptations on the neurally controlled 
chromatic responses of the plaice are discussed. The background 
adaptation of the plaice with regard to its neurally controlled 
chromatic responses, can be divided into three phases. I, II and
. 111(165-170).
* 37- Development of hypersensitivity of the long unused adrenoceptors 
,is suggested to explain the unexpected pigment-aggregation and 
dispersion to a maximal extent in long B(w)- and B(bw)-adapted and 
long W(b)- and W(wb)-adapted fishes following their transfer to a 
white and a black background respectively ( 17O — 171).
* 38- The differential rates of adaptation to white and to greys 
arranged to decrease the reflectivity of the plain background,in 
fishes from a mottled tank, and in fishes adapted to white and 
black for over 10 months indicate the significance of background— 
reflectivity in the neurally controlled chromatic responses and the 
effect of previous adaptation upon these responses ( I73 - I74).
* 39- The long white-adapted fish shows a much greater responsive 
trend towards becoming dark (in terms if M.I.) on a series of plain 
backgrounds decreasing in reflectivity (by dispersing the small 
amount of pigment it had after over 10 months of white adaptation), 
than the fish which has been for over 10 months on a black back­
ground. The latter, which becomes very pale after being kept in a 
white container for 24 hours, shows a limited range of melanosomal 
dispersion, when exposed to the same series of backgrounds ( I75-I91).
* 4O- Fishes differing in their previous adaptation show different 
rates of black-adaptation (for 24 hours) after which they differ 
in their neural responses to series of greys arranged to increase 
progressively the amount of reflected light ( I9I-I92).
* 4I- The long black-adapted fish shows more tendency to aggregate 
its melanosomes than does the long white-adapted fish. The latter 
tends to maintain higher M.M.I.s ( 193 — 195)*
*' 42- The effect of the change in the overall reflectivity of the 
background on the neurally controlled chromatic responses was 
observed by altering the reflectivity of one of the two components 
of the background,i.e. the spots and the ground, while keeping the 
reflectivity of the other constant ( I98 - 212).
*43- Change of the reflectivity of the ground has a greater effect 
on the melanosomal movements than does a similar change in the
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51- In terms of chromatic response the plaice appears to he able to 
discriminate visually objects as small as 0.1 cm; . Similarly 
it can differentiate 0.2cm. sized objects from 0.1 cm. or 
0 .4 cm. sizes. Little can be said about the visual acuity of 
the fish for objects from O.4 - 1.0 cm.. , on the basis of the low 
magnitude of the chromatic variations, which are caused as a result 
of adaptation to backgrounds with figures of those sizes (23O - 239).
Section 5*
52- The eyes of the plaice are capable of perceiving circular spots, 
squares, rings and stripes ( 240).
53- The nature of the final integumentary pattern also seems to be 
determined by the distance of the object from the eyes and the 
angle at which it is perceived (244 - 247).
54- The backgrounds are individually perceived by the two eyes of 
the plaice and the retinal stimuli must be assumed to be integrated 
in the brain, which coordinates the chromatic responses of the 
different pattern-units in the pigmented right side of the body.
( 2 5 0 - 2 5 5 ) .
55- This retinal information after central nervous integration pass­
es largely to both dorsal and ventral halves of the pigmented side.
. However, a small proportion is passed only to the contralateral 
halves ( 253 - 255; 262 - 264).
*56- The contralateral influence of some, retinal stimuli is better 
observed on the unilaterally blinded fish, in which the melanophores 
on the side of the enucleated eye respond better to the objects 
in the background than do the cells in the half with the intact 
■ eye ( 256 - 262). :
*57- Unilateral enucleation results in long-lasting marked darkening 
of the entire pattern of the skin of the plaice ( 263 - 264).
Section 6.
58- The methods adopted to induce pigmentation on the normally 
unpigmented "ventral" side (see No. 4) (266 - 267)*
59- The pattern of melanization on the "ventral" side does not , 
correspond to the pattern on the "dorsal" side but consists of, in 
heavily pigmented fish, a few dark areas with less pigmented areas 
between them (269 - 277» Plate 6-2). .
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. circular spots of ‘backgrounds having a 1:1 ratio of black and 
white in the two components ( 201 - 206).
44- Whenever the white in either component of the background is made 
darker there is a wider range of melanosomal movements in melano- 
phores of different pattern-units than that following a change in 
which the black in either component becomes paler (in terms of M.I.) 
(l:l ratio of b/w in the two background components) (201-203; 206-209).
* 45- The melanophores of the pale.flecks and the light areas of the 
dark patches are more influenced by a decrease in the reflectivity 
of either component (l:l b/w ) of the background. On the contrary 
the melanophores in the surrounding pale areas in the pale zone and 
the dark areas of the dark patches are more sensitive to an increase 
of reflectivity of either component of the background( 211 - 212).
* 46- The other method to estimate the effect of proportion of black 
and white in the background on the neurally controlled chromatic 
changes involved the change of a pattern of b/w circular spots by 
stages to thin rings of the same diameter (212 - 229).
* 47- Increase of the size of the inner black spot in white circular 
spots on a black ground, generally caused an increase in the disper­
sion of the pigment in pattem-units and a breaking up of pale areas 
into smaller units (214 - 219).
* 48- Raising the amount of white in the backgrounds by increasing the 
diameters of the inner white spots causes variable pattern-transfor­
mations in the plaice, which can hardly be correlated with the 
increasing proportion of white but rather with increase in the sub-
. division of the background pattern. . In this pattern the full 
contrast between 'black' and 'white' is maintained (218 - 22l).
* 49- In general, the neurally controlled chromatic behaviour seems 
to be less affected by the proportion of white in the background in 
the range of ca. 10 - SOfo, Whenever the proportion of white 
exceeds this limit, some chromatic changes become evident in the 
skin associated with a plain background of white or of black ( 221-
227). '
50- The effect of the relative proportion of white and black in the 
background (determined by changing the pattern or the reflectivity
* of the background by different methods) on the neurally coordinated 
chromatic responses is discussed in light of present investiga­
tions (2 2 7 - 229). ■
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60-' The melanophores of the "ventral" surface respond differentially 
to different retinal stimuli hut their responses are not consist- 
. ently comparable with those of the "dorsal" side (268 - 2?l).
61“ It is suggested that the pigmented cells on the "ventral" side 
arise by melanogenesis in the unpigmented melanophores which have 
persisted throughout the postlarval stages in an inhibited state.
The experimental stresses are believed to have removed the effect 
of the inhibitory factor, leading, to active synthesis of melanin 
■ in them (2?1 - 275).
Section 7*
62- Melanophores of different pattern-units respond differentially 
to the adrenergic drugs noradrenaline, isoproterenol, tolazoline, 
propanolol, sotalol and dichloroisoproterenol within a limited 
range of their concentrations. Such a differentail response has 
been associated with a difference of the a- and ^-adrenoceptor- 
populations on them. Differences in the frequency of the nerve 
impulses reaching the melanophores as a result of the checkerboard 
background may also play a part (276 - 283).
63- The chromatic response of a group of melanophores may be revers­
ed with a change of concentration of an adrenergic drug - a charact­
eristic which it has been suggested is associated with the different 
thresholds of response of a- and ^-adrenoceptors (278 - 279).
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APPENDIX 1.
Effects of adrenoceptor •'blocking agents on teleost melanophores. 
■(* vivo, + in vitro)
(i) Alpha-adrenoceptor blockers.
Blocker.
Dibenamine 
followed by- 
adrenaline.
Eff ect. Name of worker and the fish used.
No effect, Fujii (196I) in Chasmichthys gulosus"’"; 
Aggregation. Abbott (I968) in Fundulus heteroclitus*^
Dibenamine. Dispersion.
Dibenzyl ine 
followed by 
Adrenaline.
No effect.
Watanabe ^  (1962) in Oryzias latipes ;
Scott (1965) in Scophthalmus aquosus ; Abbott 
(1968) in Fundulus heteroclitus *+; Fernando 
and Grove (1974b) in Pleuronectes platessa+; 
Fujii and Miyashita (1975) in Lebistes 
reticulatus +.
Scheline (1963) in Labrus ossifagus +;Healey 
and Ross (1966) in Phoxinus phoxinus*.
Dibenzyline. No effect. Scott (1965) in Scophthalmus aquosus ; Abbott.
(1968) in Fundulus heteroclitus*.
Ergotamine. Aggregation. Bacq (1933) in denervated melanophores of
Ameiurus (=Ictalurus) nebulosus*; Robertson 
(1951) in Salmo salar*+; Fujii (I96I) in 
Chasmichthys gulosus+; Pye (1964)» Healey and 
Ross (1966) in Phoxinus phoxinus; Khokhar 
(1971) in Ictalurus melas +.
No effect. Parker (I941) in denervated melanophores of
Ameiurus (=Ictalurus) nebulosus*; Fernando 
and Grove (1974b) in Pleuronectes platessa-f ; 
Fujii and Miyashita (1978) in Parasilurus 
asotus+.
Dispersion. Bacq (1933), Parker (1941) in innervated mel—
-, anophores of Ameiurus (=Ictalurus) nebulosus*;
Fujii (1961) in Chasmichthys gulosus+; Scott
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Phentolamine Aggregation.
(=Regitin)
followed by
Adrenaline/
noradrenaline
Phentolamine. Dispersion.
Phenoxy- No effect,
benzamine.
Dispersion.
Piperoxane. No effect.
Dispersion.
Tolazoline. No effect.
Dispersion.
Yohimbine No effect,
followed by
adrenaline/ Aggregation, 
noradrenaline
Yohimbine. Dispersion.
(1965) in Scophthalmus aquosus*; Fujii and 
Miyashita (1975) in Lebistes reticulatus^.
Pye (1964); Healey and Ross (1966), Grove
(1969) in Phoxinus phoxinus+.
Pye (1964), Healey and Ross (I966), Grove
(1969) in Phoxinus phoxinus*; Scott (I968) 
in Scophthalmus aquosus*; Abbott (I968) in' 
Fundulus heteroclitus* ;^ Khokhar (1971) in 
Ictalurus melas+(negligible effect); Reed 
and Finnin (1972) in Pterophyllum eimekei+; 
Fernando and Grove (1974b) in Pleuronectes 
platessat; Fujii and Miyashita (1975) in 
Lebistes'reticulatus^.
Fujii and Miyashita (1978) in Parasilurus 
asotus+.
Scheline (1963) in Labrus ossifagus; Fujii 
and Miyashita (1975) in Lebistes reticulatus*^
Healey and Ross (1966) in Phoxinus phoxinus*; 
Khokhar (1971) in Ictalurus melas.
Healey and .Ross (1966), Fernando and Grove 
(1974b) in Pleuronectes platessa* ;^ Grove (1969) 
in Phoxinus phoxinus* (white-adapted fish).
Fujii and Miyashita (1978) in Pa.rasilurus 
asotus' .^
Abbott (1968) in Fundulus heteroclitus* ;^
Reed and Finnin (1972) in Pterophyllum 
eimekei*; Fujii and Miyashita (1975, 1976) 
in Lebistes reticulatus" .^
Healey and Ross (1966) in Phoxinus phoxinus*; 
(slight aggregation in black-adapted fish). 
Grove (1969) in Phoxinus phoxinus* ( in white- 
adapted fish only).
Healey and Ross (I966), Grove (1969) in 
Phoxinus phoxinus*; Abbott (1963) in llmdulus
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heteroclitus*; Khokhar (l9?l) in Ictaluruz
melas* (slight); Fernando and Grove (l974h) 
in Pleuronectes platessa,+.
(ii) Beta-adrenoceptor blockers,
Pronethalol.
Propranolol.
Dichloroisp-
proterenol.
Aggregation. Scott (I968) in Scophthalmus aquosus*.
No effect. Fernando and Grove (1974b) in Pleuronectes 
platessa+f Fujii and Miyashita (1978) in 
-. Paras ilurus asotus"*".
Aggregation. Scott (I968) in Scophthalmus aquosus*;
Fujii and Miyashita (1975), Miyashita and 
Fujii (1975) in Lebistes reticulatus" .^
No effect. Fujii and Miyashita (1978) in Parasilurus 
asotus" .^
Aggregation. Scott (1968) in Scophthalmus aquosus*;
Fujii and Miyashita (1975), Miyashita'and 
Fujii (1975) in Lebistes reticulatus" .^ 
Dispersion. Miyashita and Fujii (1975) in Lebistes 
reticulatus"*" (Stronger concentrations).
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APPENDIX 2.
The cell for constant observation of the living plaice (Healey,
unpublished).
The plaice, when liberated into a tank with a sandy bottom, 
swims down and shuffles its fins in such a way that it is quickly 
largely covered by a thin layer of sand excepting for its protruding 
eyes, the mouth and the opercular opening. In such a position it may 
remain for some hours. If it moves, it may do so by "walking" on its 
dorsal and ventral fins, these being apparently capable of independent 
rates of movement so that the animal can turn. Otherwise it may swim 
rapidly just above the bottom. Whenever it stops it once again digs 
itself in. On a smooth bottom without sand it carries out similar 
movements every time it settles. Further, on a smooth bottom the 
movements of the fish are generally so frequent that they make it 
impossible to take photographs under magnification. They also make 
impossible any fixed orientation of the fish to a patterned background.
Since this fish normally remains so long in the sand without 
moving, a cell was designed in which it could make contact on all sides 
and, at the same time, keep its fins fully outstreched. The plates in 
the thesis show the fish in their cells. When put in they invariably 
first made the shuffling movements normally associated with burying 
themselves in sand before they lay still. A preliminary period of 
training before making observations in the cell in many cases appeared 
•to be unnecessary, as long as the fish were already accustomed to 
living in small tanks under observation, to being fed and to being lift­
ed up on waxed paper scoops. However, as a precaution a fish was 
generally put into its cell, left and taken out again several times for 
a few days before beginning observations. Usually a fish only persis­
ted in moving inside its cell if it did not fit into it properly.
Contact without undue pressure is clearly important.
The walls of the cell were made of strips of clear Perspex c.a.
2 mm. thick and of such a width that the upper surface of the fish was 
only slightly below their upper edges when the cell was completed. ' 
The walls were attached to a sheet of thin transparent Perspex with 
overall dimensions of ca. 15 x 20 cm. They were so mounted that there
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was a 'space between them and this base sheet through which the dorsal 
and ventral fins of the fish could protrude. The diagram shows the 
arrangement. At the points A at the anterior of the cell there were 
stuck small pieces of Perspex which raised the walls. The struts were 
wider at their ends (b) and these together' with the wider posterior 
parts of each wall (o) further suppd^ed the walls above the base. In 
the diagram the shaded portions at A, B, C indicate where the walls were 
attached to the base. All unshaded portions had a space between them 
and the base through which the dorsal and ventral fins could extend 
freely. The pectoral fins were free to extend on the right side immed­
iately behind A. All sharp edges were rounded off.
The requirement that the fish should fit properly into its cell 
made it necessary to tailor the cell for the animal. Further, the 
cell had to be so constructed that the head of the fish protruded as far 
as possible beyond it so that there was no interference with the field 
of vision. Generally fish of any one length fit the. same cell but 
this is not always the case. In order to ensure a good fit the follow­
ing procedure was adopted; The fish in a thin flat-bottomed glass dish 
was put over a sheet of photographic printing paper and exposed under 
the enlarger. . In most cases the fish remained motionless during the 
exposure. Otherwise it was lightly anaesthetised with a little MS 222 
(Sandos). The contact print was used as a guide for the shape and 
dimensions of the cell. The fish, was put into the cell before the 
Perspex cement had fully set and further adjustments were made if 
necessary.
. In general use, the background was placed over white Perspex; the 
cell containing the fish was over this; then came a sheet of thin good 
quality glass ca. 15 x 20 cm. weighted at each corner with a specimen 
tube containing sand. ' The surface of the water was 0.5 - 1 cm. above 
the glass. Small air bubbles which frequently collected below the 
glass sheet were removed with a fine brush while the glass was cautious­
ly lifted from the cell.
The water was partly changed regularly. The fish maintained a 
current of water through the cell by their respiratory movements and 
appeared to behave normally, even taking their food when it was put 
sufficiently near.
In such a cell the fish could remain for a whole day without any 
apparent disturbance or ill-effect. .
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Photograph showing a "cell" made to restrict movement 
of the fish during observations.
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APPENDIX 3.1
Preparation of the black/white patterned backgrounds (Healey,
unpublished).
Large scale patterns of filled circles or rings were drawn in 
Indian ink on white cardboard with the aid of stencils cut to the 
required sizes. Checkerboard patterns were also drawn. The dimensions 
of these drawings were calculated to give reductions which would cover 
all the desired patterns. A drawing was photographed on Ilford Pan F 
film (very fine grain) and printed to give %  of the area of the original. 
These prints were made on Kodak Bromide Foil-card WSL.3 so that there 
would not be distortion during processing. Pour such reductions were 
stuck onto white cardboard so that they formed a continuous pattern in 
which the circles were %  of the original area and the distance centre 
to centre -g- that in the original. The procedure was repeated to give 
a pattern in which the circles had an area of l/l6 and a centre to 
centre distance apart of %  compared with the original. Further reduc­
tions were made until the range of required dimensions which it was 
possible to obtain from the original drawing had been covered. In 
this way a series of negatives of the desired patterns was prepared.
From the negatives, which printed as black circles or rings on a 
continuous white background, reversal negatives were made to give 
prints of white elements on black.
The prints for use in experiments were made on Kodak Bromide Air-
Mail Hard Paper WSL.3L, 20.3 x 25.4 cm. They were made waterproof 
by soaking them in a solution-of Araldite epoxy resin with a mixture 
of organic solvents. Surplus resin solution was drained off and the
prints were hung up for at least two days to enable the resin to cure.
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APPENDIX
Preparation of standardised plain and patterned grey backgrounds.
The Derived Ostwald Index (D.0.I.)(From Healey, 1^6l).
A series of black-grey-white colour standards is only satisfactory 
if two conditions are observed: firstly, it must be possible to
express the various steps in the series quantitatively, in terms of 
light reflected, so that the series can readily be reproduced; 
secondly, the various steps in the series should appear subjectively 
to the observer to differ by an equal amount. This second condition 
is only,satisfied when the stimuli of reflected white light from each 
grey colour form a geometric series. Since in the grey series with 
a white content of 100, 10, 1, 0.1, etc., the steps are too far apart, 
Ostwald divided each step into ten parts in proportions agreeing with 
the antilogarithms of 1.0, O.9, 0.8,...., 0.1. • He then took the means 
of consecutive numbers and obtained the following series of percentage 
white values, to each of which he attached a letter: 89 (a), 71 (b),
56 (c), 45 (d), 35 (e), 28 (f), 22(g), 18 (h), 14 (i), 11 (k), 8.9 (l),
7.1 (m), 5.6 (n), 4.5 (o), 3.5 (p), 2.8 (g), 2.2 (r), 1.6 (s), 1.4 (t),
1.1 (u), 0.89 (?), 0.71 (w), 0.56 (g), 0.35 (g). This series is 
usually terminated at 0.35 because very few surfaces reflect less light 
than this. The differences between the values in this series are 
well above the threshold of the human eye, provided that the illumin­
ation is adequate. In poor light the greys towards the black end of 
the series may fall below the threshold and appear uniformly black 
(Ostwald, W. (1931)' Colour Science (Farbkunde), trans. J.S. Taylor). 
London: Winsor and Newton.
Since the greys chosen from the were originally intended as
standards against which the overall tints of minnows (Phoxinus phoxinus,
L.) could be matched, the extremes, of paling and darkening shown by
this fish were taken as the extremes of the standard scale. These
extremes are the Ostwald greys b and s. Every alternate intermediate
Ostwald tint is then taken to give a series of nine greys. These are
given the arbitrary numbers 0 - 8 so that they can be manipulated for 
* . 1 
use in graphical representations. The whole is referred to as the
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scale of the Derived Ostwald Index (D.O.I.). The fact that each of 
these arbitrary numbers represents a definite reflectivity but that 
together they bear no linear relationship to each other must be 
emphasised.
The Derived Ostwald Index.
Ostwald letter. Composition as Derived Ostwald Index,
percentage white.
b 71 0
d 45 1
f 28 2
h 18 3
k 11 4
m , 7.1 5
£ 4*5 6
a ' 2.8 7
s 1.8 8
Preparation of D.O.I. standards: Samples of good quality 'white' card 
and 'black' paper were standardised in a photometer against a surface 
thickly coated with freshly precipitated barium sulphate. Disks of 
the 'white' card, each with an attached 'black' sector of a size 
calculated to produce a required D.O.I. values, were rotated rapidly. 
Sheets of bromide photographic paper (Ilford B2.5K) which had been 
exposed for different times under controlled conditions of illumination 
were matched against the rotating disks in bright light and used as 
the standards for reflectivity comparison.
Preparation of Backgrounds with different D.O.I. values (Healey, unpubl­
ished).
Plain backgrounds were prepared by exposing bromide photographic 
paper to controlled illumination and matching the resulting grey 
against the standards. -
The backgrounds of circular spots of one grey tint on a continuous 
ground of another were made by exposing the paper to light from the 
negative of the pattern in the enlarger for shorter times than those 
required to reach a full black/white contrast. The entire paper was
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then exposed to controlled illumination if it was desired further to 
darken the ground and the spot. Both spot and ground were matched 
against the standard D.O.I. series of grey papers.
Since double matching is involved in the preparation of these 
backgrounds a double source of error is introduced. However, this can 
be regarded as negligible in terms of reflectivity so far as the 
significance of the experiments described in this thesis is concerned.
Fully exposed bromide paper has a reflectivity of approximately 
1.0^ and this, then, can be regarded as the reflectivity of the 'black' 
component of a patterned background. Unexposed bromide air-mail 
paper becomes somewhat transparent after treatment with Araldite.
When placed over white Perspex the total reflectivity is of the order of 
88^. This is, then, the reflectivity of the 'white' component of a 
patterned background.
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APPENDIX 4.
4.1 Dalton's Chrome-Osmium solution (Fixative).
Stock solutions:
(a) 3.4% NaCl ■ 3.4 gr./lOO ml. H2O
(b) 2.5 N KOH • 14.0 gr./lOO ml. H2O
(c) K2Cr20y-K0H
5% K2Cr207 5.0 gr./lOO ml. H2O •
2.5 N KOH Approx. 12 - 16 ml.
• Distilled water to make 125 ml.
(d) 2% OSO4 1.0 gr./50 ml. H2O
Titrate the 2.5 N KOH into K2Cr20y solution until a pH of 7.4 is 
reached, then add sufficient distilled water to make 125 ml. of 
completed buffer.
4.2 Phosphate buffer.
1. Prepare 0.2 M solution of dibasic sodium phosphate with:
Na2HP04.2H20 35.61 g.
or Na2HP04.7H20 53.65 g . .
or Na2HP04.12H20 71.64 g.
distilled water to make 100 ml.
2. Prepare a 0.2 M solution of monobasic sodium phosphate with:
NaH2P04.H20 27.6 g.
or NaH2P04.2H20 31.21 g.
distilled water to make 100 ml.
3. Prepare the 0.1 M phosphate buffer by mixing:
0.2 M dibasic sodium phosphate 40.5 ml.
0.2 M monobasic sodium phosphate 9.5 ml. 
distilled water to make 100 ml. (pH 7.4)
4. Add 30 mg. of sucrose per milliliter.
(Technique adapted from Hayat, M.A. (1970)
Principles and Techniques of Electron Microscopy. 
(Van Nostrand Reinhold Co., New York)pp. 342-343. 
and Setoguti, T. (1966). J. Ultrastruct. Res. 18, '
324-342.).
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4.3 Cacodylate buffer (0.2 M),
Sodium cacodylate (Na(CH3)2ASO2.3H2O) 42.8 g.
N.HCl _ 6.9 ml.
water to make 1000 ml. (pH 7.3)
Add 6.8% sucrose ' '
(Adapted from Mercer, E.H. and Birbeck, M.S.C.(1972). 
Electron Microscopy: A Handbook for Biologists 
(Blackwell Scientific Publications, Oxford, london), 
p. 99.
4.4 Lead citrate stain (Reynolds, 1963).
Lead nitrate (Pb(N0g)2) 1.33 g.*
Sodium citrate (NagCCGH^O^XZH 0) 1.76 g.
Carbon dioxide free distilled water 30 ml.
Dissolve them together and after -J hour add 8.0 ml. N-NaOH and 
make up to 50 ml. For staining this stock solution is diluted 
X 100 with 0.01 N.NaOH.
■4.5 Uranyl acetate stain.
A 2% aquos solution of uranyl acetate ('UO2 (CHgCOO ) 2 . 2H2O) 
can be prepared by dissolving it at 15°C on an automatic shaker for 
about -J hour. Use of freshly prepared stain is generally recommended.
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APPENDIX 5.
A graphic representation of the chromatic activity of 
individual pattern-units at different stages of adaptation in 
fishes undergoing B(m), W(m), B(w), W(b), B(bw) or W(wb)- 
adaptations. Solid lines represent the state of melanosome 
dispersion in the melanophores of a particular pattern-unit 
during adaptation of different natures. The broken lines 
represent the responses of these melanophores to the 
patterned backgrounds. lines indicate the chromatic
activity when the fish is exposed to black spots on white
1 1^ or 1.0 cm. squares backgrounds, while..... lines
represent the response to backgrounds of black spots on white 
1/16 1-^  or 0.1 cm. squares. The jepresentative pattern-units
have been differentiated on the graphs by different signs.
QL represents the pale fleck melanophores, the surrounding 
area melanophores, the light area melanophores and ^ 
the dark area melanophores.
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APPENDIX 6.
Percentage increase or decrease of visible melanophores in 
different pattem-units of fishes 5 and 4 undergoing B(m)- 
and W(m)-adaptation respectively. This change was 
calculated from the groups of 100 melanophores on different 
days of B(m)- or W(m)-adaptation. O is for pale fleck 
melanophores, ^  is for surrounding area melanophores, 
is for light area melanophores and e is for dark 
area melanophores.
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THE INTEGUMENTARY CHROMATOPHORE PATTERNS IN THE 
PLAICE PIEURONECTES PLATESSA L., WITH SPECIAL 
REFERENCE TO THEIR RESPONSES TOWARDS DIFFERENT 
VARIEGATED BACKGROUNDS.
VOLUME II (PLATES).
by
Ejaz Ahmad, M.Sc.
Bedford College, University of London.
(i).
THE FIATES.
The points described in the text (volume I) have been illustrated 
in volume II which exclusively contains the plates. The photographs 
of the entire fish are about 1.5 time the actual size of the animals 
used. The photomicrographs of the representative areas (i.e., the 
pale patch and the dark patch) have been presented as they are 
located on the body of the animal., their upper end being towards 
the head ard the lower towards the caudal end of the animal. In the
!» If o
same way their left or right is the animals* left or right. These 
photomicrographs are x 120 and include all the area covered by the 
microscope. Such photographs illustrate the integumentary changes 
in the two areas of the pale patches and the dark patches, but are 
of not much help for M.M.I. assessment. These micrographs were 
magnified to x 300 or more for the M.I. counts of usually the same 
groups of 50 melanophores (as described in volume I, page 69. In 
Plates the pale patch-melanophores have been placed on the left side 
and those of the dark patches on the right. The electron micrographs 
have been so arranged that their upper side is towards the epidermis 
and the lower towards the hypodermis of the skin. The magnification 
given with each electron micrograph, is x 1000.

Plate 1—1 •
The distribution of chromatophores in the skin of the plaice. (a) 
part of skin showing epidermal melanophore (Epm). (h) upper part 
of the skin showing the upper dermal melanophores (Udm), the 
iridophores (ird) and leucophores (Lph). Ep is epidermis; Bm, 
the basement membrane; and Dm, the dermis of the skin.
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Plate 2-1.
Apparatus used for studying adaptation to artificial backgrounds.
A, observation chamber for maintaining the fish in cell; B, outer 
chamber filled with tap-water; C, background-slider; D, knob for 
placing black or white underneath the fin; E, inlet for seawater;
F, outlet; G, gantry with Nikon EPM microscope for recording the 
chromatic changes; H, stand for Praktica camera for photographing 
the entire fish; I, stand with Nikon camera fitted with bellows for 
recording the chromatic changes in the representative pattern-units.

Plate 2-2.
Stock-tank used for melanization of the 'ventral' side of the plaice. 
The mottled background has a characteristic bluish colour which 
apparently initiates the melanin-synthesis.
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Plate 2—3»
Melanophore Indices as used for plaice in the present study.
(a); M.I. 1-5 indicate the average dimensions of the pigment- 
mass during different states of melanosome-dispersion.
(h), the general method adopted for assigning the melanophores the 
M.I. according to the state of their pigment-dispersion.
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Electronmicrograph showing the location of lower dermal chromatophores, 
the iridophores (a) and leucophore-like chrcmatophcres (b). Lower 
dermal melanophores are also frequently observed (not shown in this micro­
graph.
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Plate 3-2.
Electron micrograph showing the arrangement of the chromatophores 
in the orange and hlack spots of the integumentary pattern.
A, xanthophorej B, Iriolophore; C, process' of melanophore.
•Note that the xanthophores in this pattern-unit are superficially 
located while the iridophores are deeper in position.
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Plate 3-3.
General structure of the melanophores of the three regions of the 
skin. a, epidermal melanophore; h, upper dermal melanophore; 
c, lower dermal melanophore. - • '
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Plate 3-4,
Ultrastructure of the upper dermal melanophore of the 'dorsal' 
skin. a, melanophore with pigment dispersed; b, with 
melanoSomes aggregated; c, showing many mitochondria left 
behind in its processes during pigment-aggregation; d, showing 
micropinacocytotic vesicles attached to the cell-membrane.
( c, centrosphere; er, endoplasmic reticulum; m, mitochondria; 
ms, melanosome; mv, micropinacocytotic vesicle; n, nucleus).
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Plate 3-5.
Ultra structure of the melanophore on the ' ventral' skin of the 
plaice. a, general structure; b, showing the lacunated 
melanosomes and the tubular endoplasmic reticulum, (see legend 
to Plate 3-4 for lettering).
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Plate 3-6.
Ultrastructure of the iridophore of the 'dorsal' skin of the 
plaice. a, general arrangement of the iridophore; b, showing 
some detailed inner structure; c, showing the arrangement of the 
micropinacocytotic vesicles along the membrane; d, a thick section 
of the iridophore with intact reflecting platelets. ( r, reflecting 
platelets - see legend to Plate 3-4 for lettering for other organelles)
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Plate 3-7.
Ultrastructure of the iridophore on the ’ventral’ skin of 
the plaice. a, general arrangement of the iridophores on 
’ventral’ skin; b and c, showing the appearance of granules in 
’ventral’ iridophores in fish kept for melanization of the ’ventral’ 
skin.
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Plate 3-
Ultrastructure of the leucophore of the plaice. a, general 
arrangement; b, general structure; c and d, detailed structure 
showing pterinosomes with different kinds of depositions in them; 
e, internal structure of leucophore after 2 days of melamine- 
treatment. (pt, pterinosomes; see legend to Plate 3-4 for other 
lettering).
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Plate 3-9.
Ultrastructure of the erythrophore of the plaice. a, general 
arrangement of the erythrophore; b and c, general structure; 
d, with different developing stages (1 - 5) of pterinosome 
(arrows indicate the lipid-containing.granules). (see legend 
to Plate 3-4 for lettering).
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Plate 3-10.
Ultrastructure of the xanthophore. of the plaice. a, xanthophore 
with pigment aggregated; b, general structure; c, xanthophore 
covering iridophores in the orange and black spot; d, showing 
some ultrastructural details ( G, Golgi apparatus; s, sepia- 
pterinsome; see legend to Plate 3-4 for other lettering).
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Plate 3-11.
Ultrastructure of a developing chromatophore (xanthophore?) 
a, general distribution; -b, general structure; c, showing 
some ultrastructural details.
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Plate 3-12.
Electron micrograph showing the location of more than one kind 
of pigment granule in one- chromatophore. a, melanophores with 
sepiapterinosome-like structures; b, melanophores with drosop- 
terinosome-like structures; c, melanophores with structures 
resembling the pterinosomes characteristic of the erythrophore.
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Plate 3-13.
The integumentary patterns of fish 1 on backgrounds of white 
v/ith black spots of i^ ariable size and distribution, a,
•1/32 i; b, 1/16 3/8; c, 1/16 5/8; d, i f ;  e, i li.
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Plate 3-14.
Integumentary patterns of fish 3 on backgrounds of white with 
black spots of variable size and distribution. a, 1/32 1/4 spots;
b, "i" "4.
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Plate 3-15.
The integumentary patterns of fish 6 on backgrounds of white with 
black spots of variable size and distribution, a, 1/32 1/4 spots; 
b, 1/32 3/8; c, 1/16 3/8; d, 1/16 5/8; e, i ij*
a# • • • • • • • • • • %
# # # # # # # # # # # # # # * #•••••••••••
C
31
e #
d
u t  ^ t  \ ' '-.ii
•  •  m
w
32
Plate 3-16.
The integunjentary patterns of fish 1 on backgrounds of black with 
white spots of variable size and distribution, a, 1/32 1/4; b,
I-
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Plate 3-17'
Integumentary-patterns of fish 3 on backgrounds of black with 
white spots of variable sizes. a, l/32 I/4  spots; b,
1 /4 3 /4 spots.
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Plate 3-18.
Integumentary-patterns of fish 6 on baokgrounds of black with white 
spots of variable size, a, l/32 3/8 spots; b, l/l6 1-g- spots;
C| -4 T spots.
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Plate 3-19*
Integumentary-patterns of fish 1 on patterned backgrounds of 
b/W checkerboards. a, on checkerboards with l.o cm. side; 
b, with 0.1 cm. side.
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Plate 3-20.
Integumentary patterns of fish 3 on patterned backgrounds of 
b/w  checkerboards. a, on checkerboard with 1.0 cm. side;
b, with 0.1 cm. side.
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Plate 3-21.
Integumentary patterns of fish 6 on patterned backgrounds of 
b/w  checkerboards, a, on checkerboard with 1.0 cm. side; 
b, with 0.1 cm. side.
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Plate 4-1'
• Typical responses of the representative areas in a previously 
mottled-adapted fish 6 to patterned backgrounds of squares.
a, close-up photograph of the anterior dorsal patch and its
• surrounding area of the medial pale area on 1.0 cm., squares;
b, a pale fleck and its surrounding area and the surrounding area 
in the medial pale area on 1.0 cm. squares; , c, photomicrograph of 
part of 4-la on 1.0 cm. squares; d, photomicrograph of part of 
4-lb on 1.0 cm. squares; e, f and g, h are similar photographs of 
same integumentary areas on 0.1 cm. squares. (Also refer to Plates 
3-19 and 3-20 for these characteristic changes in the entire fishes 
and to Section 3*5-2.2.2, pages I04 — 105 for a detail of this event)
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Plate 4-2,
The integumentary patters of fish 4 at different stages of W(rn)' 
adaptation, a, on day 4 of w{m)-adaptation; b, on day 9; c, 
on day 23; d, on day 60.
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Plate 4-3.
Photomicrographs of the representative pattern-units of fish 4 
at different stages of W(m)-adaptation. a, the pale patch 
melanophores on day 4î h, the dark patch melanophores on day 4 ;
c, the pale patch melanophores on day 23,'> d, the dark patch
melanophores on day23l e, the pale patch melanophores on day 6O'i
f, the dark patch melanophores on day 60.
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Plate 4-4*
The neurochromatic responses of the W(m)-adapting fish 4 to the 
stimulant patterned backgrounds. a, after 2 hours on a white
background with black spots i/i6 (i) on day 4 of W(m)-;
b, after 2 hours on a white background with black spots i 'i ^  
(ii) on day 5 of W(m)-adaptation.
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Plate 4-5
See legend of Plate 4-4» Fish 4 shows the effect of 1 7  -  Ï 8  
days of W(m)-adaptation on its neurally controlled chromatic 
responses towards the patterned background with spots 1/16 1-^
(a) and towards patterned background with spots i (b).
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Plate 4—6.
See legends to Plates 4-4-and 4.5. The effect of 60 days of W(m)- 
adaptation on the neurally controlled chromatic responses of fish 
4 towards the stimulant patterned backgrounds, a, on background 
(i); b, on background (ii).
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Plate 4-7-
See legend of Plate 4-4- The' influence of 4 - 5 days of W(m)-
adaptation on the neurally controlled responses of the representative 
pattern-units is shown at cellular levels. (a) Responses in the 
pale flecks and the surrounding area, (h) in the dark and light areas 
of the dark patch towards background (i) and (c and d) towards 
background (ii).
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Plate 4-8.
See legend of Plate 4-4 . The neurally controlled responses in 
fish 4 on days 34 - 35 of W(m)-adaptation of the melanophores in 
the representative pattern-units. (a) and (h) are these changes 
on background ,(i) and (c) and (d) on (ii) in the melanophores of 
the pale patch and the dark patch respectively.
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Plate 4-9-
The adaptive trends in the integumentary pattern of fish 5 while 
adapting to hlack. a, on day 7t b, on day 13; c, on day 43 of 
B(m)-adaptation.
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Plate 4 -1 0 -
Photomicrographs -of the representative pattern-units of fish 5 at 
different stages of B(m)-adaptation. a, the pale patch melanophores 
on day 7j b, the dark patch melanophores on day 7î c, the pale 
patch melanophores on day 13; d, the dark patch melanophores on 
day 13; e» the pale patch melanophores on day 43» f» the dark 
patch melanophores on day 43-
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Plate 4-11.
The neurally controlled responses of the 7 - 8  days B(ra)-adapted 
fish 5 to the stimulant patterned backgrounds, a, after 2 hours on 
background (i); b, after 2 hours on background (ii). (See Plate
4-4).
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Plate 4-12.
The neurally controlled responses of the ,1.7-18 days B(m)~ 
adapted fish 5 to the stimulant patterned backgrounds. 
a, after 2 hours on background (i); b, after 2 hours on background 
(ii).
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Plate 4-13*
The neurally controlled responses of the 21 - 22 days B(m)- 
adapted fish 5 to the stimulant patterned backgrounds, a, 
after 2 hours on background (i); b, after 2 hours on background 
(ii).
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Plate 4-14»
The neurally controlled responses of the 43 - 44 days B(m)- 
adapted fish 5 to the stimulant patterned backgrounds, a, 
after 2 hours on background (i); b, after 2 hours on background
(ii).
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Plate 4-15'
The neurally controlled response of the melanophores in the represent­
ative pattern-units of the 7 -.8 days B(m)~adapted fish 5 towards 
the stimulant patterned backgrounds, a, the pale patch melanophores 
on background (i); b, the dark patch melanophores on background
(i); c, the pale patch melanophores on background (ii); d, the 
dark patch melanophores on background (ii).
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Plate 4-16.
The neurally controlled responses of the melanophores in the 
_ representative pattern-units of the 13 - 14 days B(ra)-adapted 
fish 5 towards the stimulant patterned backgrounds. a, the 
pale patch melanophores on background (i); b, the dark patch 
melanophores on background (i); c, the pale patch melanophores on 
background (ii); d, the dark patch melanophores on background (ii)
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Plate 4-17.
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 21 - 22 days B(m)-adapted fish 
5 towards the stimulant patterned backgrounds. a, the pale 
patch melanophores on background (i); b, the dark patch melanophores 
on background (i); c, the pale patch melanophores.on background 
(ii); d, the dark patch melanophores on background (ii).
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Plate 4-18*
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 43 - 44 days B(m)-adapted fish 
5 towards the stimulant patterned backgrounds. a, the pale 
patch melanophores on background (i); b, the dark patch melanophores 
on background (i); c, the pale patch melanophores on background
(ii); d, the dark patch melanophores on background (ii).
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Plate 4~19*
The adaptive trehds in the integumentary pattern of fish I4 while 
adapting to a black background-after background reversal, a, on 
day 18; b, on day 36; c, on day 59» &» on day 85 of B(w)-
adaptation.
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Plate 4~20»
Fish 14 on the 36th. day of B(w)-adaptation.. This fish, in 
comparison with the B(m)-adapting fish 5 on day 43, shows 
a much contrasting pattern.
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Plate 4-21.
Photomicrographs of the representative pattern-units of fish 14 on 
days 18 and 27 of B(w)-adaptatibn. a, the pale patch melanophores 
on day 18; b, the dark patch melanophores on day 18; c, the pale 
patch melanophores on day 27; d, the dark patch melanophores on 
day 27. ^
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Plate 4-22.
Photomicrographs of the representative pattern-units of fish 14 on 
days 46 and 85 of B(w)-adaptation. a, the pale patch melanophores 
on day 46; h, the dark patch melanophores on day 46; ,c, the
pale patch melanophores on day 85; d, the dark patch melanophores 
on day 85.
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Plate 4-23»
Photomicrographs to show an excessive production of melanin in the 
melanophores of the dorsal fin of fish I4 at different stages of 
B(w)-adaptation. Such a quantitative increase in the melanin- 
amount led to the destruction of about 8^ of the melanophores 
located in this region, a, on day 47î. b, on day 59 ( the aggregate 
of melanin shown with arrow appears to be the residual pigment); 
c, on day 85, the same group of melanophores without any residual 
melanin.
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Plate 4-24.
The neurally controlled responses of the 18 - I9 days B(w)-adapted 
fish 14 to a patterned background of squares with 1.0 cm. sides 
.(background (iii)) and 0.1 cm. squares (background (iv)). a, on 
background (iii); and b, on background (iv).
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Plate 4-25'
The neurally controlled responses of the 27 - 28 days B(w)-adapted 
fish 14 to a patterned background of squares with 1.0 cm. sides 
(background (iii)) and 0.1 cm. squares (background (iv)). a, on 
background (iii); b, on background (iv).
72
a
IK%
Plate 4-26.
The neurally controlled responses of the 59 - 60 days B(w)-adapted 
fish 14 to a patterned background of squares with 1.0 cm. sides 
(background (iii)) and 0.1 cm. squares (background (iv)). a, on 
background (iii); b, on background (iv).
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Plate 4-27.
The neurally controlled responses of the 92 - 93 days B(w)-adapted 
fish 14 to a patterned background of squares with 1.0 cm. sides 
(background (iii)) and 0.1 cm. squares (background (iv)). a, on 
background (iii); b, on background (iv).
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Plate 4-28.
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 18 - I9 days B(w)-adapted 
fish 14 towards the stimulant backgrounds. a, the pale patch 
melanophores on background (iii); b, the dark patch melanophores 
on background (iii); c, the pale patch melanophores on background 
(iv); d, the dark patch melanophores on background (iv).
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Plate 4~29*
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 27 - 28 days B(w)-adapted 
fish 14 towards the stimulant backgrounds. a, the pale patch 
melanophores on background (iii); b, the dark patch melanophores 
on background (iii); c, the pale patch melanophores on background 
(iv); d, the dark patch melanophores on background (iv).
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Plate 4-30»
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 59 - 60 days B(w)-adapted 
- fish 14 towards the stimulant backgrounds. a, the pale patch 
melanophores on background (iii); b, the dark patch melanophores 
on background (iii); c, the pale patch melanophores on background 
(iv); d, the dark patch melanophores on background (iv).
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Plate 4-31.
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 108 days B(w)-adapted 
fish 14 towards the stimulant backgrounds. a, the pale patch 
melanophores on background (iii); b, the dark patch melanophores 
on background (iii); c, the pale patch melanophores on background 
(iii); d, the dark patch melanophores on background (iv).
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Plate 4-32.
Photograph to show the chromatically abnormal fish 13, which 
remained dark after 108 days of W(b)-adaptation in comparison with 
fish 12 which reached a fair amount of paling in only 13 days on 
white and was very pale on the 108th. day of W(b)-adaptation.
Fish 20, which was directly exposed to white from the sea, showed 
a high degree of paling on day 30.
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Plate 4-33.
Photomicrographs of the representative pattern-units of the 12 
days W(h)-adapted fish 12. a, the pale patch melanophores; and 
h, the dark patch melanophores.'
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Plate 4—34*
a, Fish 12 on the 101st. day of B(m)-adaptation, and h, after only 
12 days of background reversal for W(b)-adaptation.
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Plate 4-35'
The neiirally controlled responses of the 101 days B(rn)-adapted fish 
12 to the stimulant background, a, after 2 hours on background (iii); 
b, after 2 hours on background (iv).
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Plate 4-36.
The neurally controlled responses of the 12 days W(b)-adapted fish 
12 to the stimulant background. a, after 2 hours on background 
(iii); b, after 2 hours on background (iv).
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Plate 4-37*
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 101 days B(m)-adapted fish 12 
towards the stimulant backgrounds, a, the pale patch melanophores 
on background (iii); b, the dark patch melanophores on background 
(iii); c, the pale patch melanophores•on background (iv); d, the 
dark patch melanophores on background (iv).
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Plate 4-38.
The neurallÿ controlled responses of the melanophores in the represen­
tative pattern-units of the 12 days M(h)-adapted fish 12 towards 
the stimulant backgrounds. a, the pale patch melanophores on 
background (iii); b, the dark patch melanophores on background 
(iii); c, the pale patch melanophores on background (iv); 
d, the dark patch melanophores on background (iv).
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Plate 4-39*
The adaptive trends in the integumentary pattern of fish I5 before 
adapting to a white background and after background reversal for 
W(wb)-adaptation. a, after 95 days of B(w)-adaptation; b, on day 
5 of W(wb)-adaptation; and c, on day 12 of W(wb)-adaptation.
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Plate 4~40*
Photomicrographs of the representative pattern-units of fish I5 
on day 0 of W(wh)-adaptation (= day 95 of B(w)-adaptation) and on 
day 5 of W'(wh)-adaptation. a, the pale patch melanophores on day 0; 
h, the dark patch melanophores on day 0; c, the pale patch melano­
phores on day 5, and d, the dark patch melanophores on day 5 of 
W(wh)-adaptation.
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Plate 4-41'
The neurally controlled responses of the 95 days B(w)-adapted fish 
15 towards the stimulant backgrounds, a, after 2 hours on background 
(iii); b, after 2 hours on background (iv).
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Plate 4-42.
The neurally controlled responses of the 5 - 7 days W(wh)-adapted 
fish 15 towards the stimulant backgrounds. a, after 2 hours on 
background (iii); b, after 2 hours on background (iv).
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Plate 4-43.
The neurally controlled responses of the 12 - 13 days W(wh)-adapted 
fish 15 towards the stimulant backgrounds. a, after 2 hours on 
background (iii); b, after 2 hours on background (iv).
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Plate 4- 44•
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 95 - 96 days h(w)-adapted fish 
15 (= day 0 of W(wh)-adaptation) towards the stimulant backgrounds, 
a, the pale patch melanophores on background (iii); b, the dark 
patch melanophores on loackground (iii); c, the pale patch melano­
phores on background (iv); and d, the dark patch melanophores on 
background (iv).
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Plate 4-45»
The neurally controlled responses of the melanophores in the represen­
tative pattern-units of the $ - 6 days W(wb)-adapting fish I5 towards 
the stimulant backgrounds. a, the pale patch melanophores on 
background (iii); b, the dark patch melanophores on background (iii): 
c, the pale patch melanophores on background (iv); and d, the dark 
patch melanophores on background (iv).
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Plate 4-46.
The adaptive trends in the integumentary pattern of fish 12 before 
adapting to a white background and after background reversal for 
B(bw)-adaptation. a, after 108 days of W(b)-adaptation (= day 0 of 
B(bw)-adaptation); b, on day 11; and c, on day 19 of B(bw)- 
adaptation.
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Plate 4-47.
Photomicrographs of the representative pattern-units of fish 12 on 
day 11 and on day 19 of B(bw)-adaptation. a, the pale patch 
melanophores on day 11; b, the dark patch melanophores on day 11; 
c, the pale patch melanophores on day 19; d, the dark patch 
melanophores on day 19 of B(bw)-adaptation.
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Plate 4-48.
The neurally controlled responses of the 11 - 12 days B(hw)- 
adapted fish 12 towards the stimulant backgrounds, a, on 
background (iii); b, on background (iv).
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Plate 4-49»
The neurally controlled responses of the I9 days B(hw)-adapted 
fish 12.towards the stimulant backgrounds, a, on background
(iii) only.
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Plate 4-50»
The neurally controlled responses of the melanophores in the 
representative pattern-units of the 11 - 12 days B(hw)-adapted 
fish 12 towards the stimulant backgrounds, a, the pale patch on 
background (iii); b, the dark patch on background (iii); c, the 
pale patch on background (iv); and d, .the dark patch on background
(iv).
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Plate 4-51.
The neurally controlled responses of the melanophores in the represen­
tative pattern-units of the I9 days B(hw)-adapted fish 12 towards the 
patterned backgrounds, a, the pale patch on background (iii); b, 
the dark patch on background (iii).
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Plate 4- 52.
Adaptive responses of fishes with variable previous background 
histories following their exposure to white for 24 hours.
Pishes 1 (a) and 3 (b) have a mottled background history, fish 
B1 (c) had been over 10 months on black and fish W1 (d) over 10 
months on white.
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Plate 4 - 5 3 '
Gross integumentary changes in over 10 months white adapted fish 
W1 on a series of backgrounds in which the light reflectivity 
gradually decreases to minimum (D.O.I. 0-8). a, on.D.O.I. 2; 
b, on 4; Cj on 6; d, on 8.
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Plate 4-34»
The gross integumentary changes in over 10 months hlack- 
adapted fish B1 (after 24 hours on white) on a series of 
backgrounds in which the light reflectivity gradually 
decreases to minimum (D.O.I. 0 - 8). a, on D.O.I. 2; 
b, on 4» c, on 6; and d, on 8. .
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Plate 4-33»
The gross integumentary changes in a mottled background-adapted 
fish 1 (after 24 hours on white) to a series of backgrounds in 
which the light reflectivity decreases to minimum (D.O.I. 0-8). 
a, on D.G.I. 2; b, on 4» c, on 6; and d, on 8.
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Plate 4-56"
Adaptive responses of fishes with variable previous background 
histories following their exposure to black for 24 hours.
Fishes 1 (a) and 3 (b) have a mottled background history, fish 
B1 (c) had been over 10 months on black and fish Wl/over 10 months 
on white. - • ■ A
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Plate 4-57.
The gross integumentary changes in over 10 months black adapted 
fish B1 on a series of backgrounds in which- the light': activity
gradually increased to maximum (D.O.I* È ->,0). a,, on D.OvJ. 5;
b, on 4; c, on 2; d, on O.
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Plate 4-58.
The gross integumentary changes in the over 10 months white-adap'ced 
fish W1 (after 24 hours on black) on a series of backgrc-unds in which 
the reflectivity gradually increased to a maximum (D.O.I.,8 -0). a, 
on D.O.I. 6; b, on 4; c, on 2; d, on 0.
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Plate 4-59.
The grcss integumentary pattern changes in a mottled background-adapted 
fish 1 (after 24 hours on black) on a series of backgrounds in which the 
light reflectivity gradually increased to a maximum (D.O.I. 8 - 0 ) .  a, 
on D.O.I. 6; b, bn 4; c, on 2; d, on 0.
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Plate 4-60»
Photomicrographs to show the effect of a gradual decrease of hack- 
• ground reflectivity on the melanophores in the representative 
pattern-units of fish 1 (see legend for Plate 4~55)» Photomicro­
graphs on the left are those of the pale patch and on the right of 
. the dark patch.
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Plate 4-61.
Photomicrographs to show the effect of a gradual decrease of 
background reflectivity on the melanophores in the representative 
pattern-units of over 10 months white-adapted fish ¥1 (see legend 
for Plate 4-53)* Photomicrographs on the left are those of the 
pale patch and on the right of the dark patch.
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Plate 4-62.
Photomicrographs to show the effect of a gradual decrease of the 
background reflectivity on the melanophores in the over 10 months 
black-adapted fish B1 (see legend for Plate-4-54)* Photomicro­
graphs on the left are those of the pale patch and on the right of 
the dark patch.
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Plate 4-63.
Photomicrographs- to show the melanosome-dispersion state 
achieved after 24 hours on black by the melanophores of 
the pale and the dark patches of fishes differing in their 
previous background adaptation. A mottled background 
adapted fish 1 (cf. Plate 4-50 d); b, long black-adapted 
fish B1 (cf. Plate 4-62 d); c, the long white-adapted 
fish W1 (cf. Plate 4-61 d).
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Plate 4-64'
Photomicrographs to show the effect of a gradual increase of the 
background reflectivity on the melanophores in the representative 
pattern-units of the mottled adapted fish 1 (see also the legend for 
Plate 3~59)» Photographs on the left are those of the pale patch 
and on the right of the dark patch.
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Plate 4-63'
Photomicrographs to show the effect of a gradual increase of the 
background reflectivity on the melanophores in the representative 
pattern-units of the long white adapted fish Wl(see the legend for 
Plate 4-38). Photographs on the left are those of the pale patch 
and on the right of the dark patch.
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Plate 4-66.
Photomicrographs to show the effect of a gradual increase of the 
"background reflectivity on the melanophores in the representative 
pattern-units of the long "black adapted fish El (see the legend for 
Plate 4-57)' Photographs on the left are those of the pale patch 
and on the right of the dark patch.
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Plate 4-67'
The adaptive changes in the integumentary pattern of fish 3 to 
the change in the reflectivity of a ground with stable black spots 
in a background series of %  a, background with ground I).0,1,
0; b, D.0,1. 2; c, D.O.I. 4î d, E.G.I. 6.
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Plate 4-68.
Photomicrographs showing the adaptive changes in fish 3 to the 
change in reflectivity of a ground with stable black spots 
in a background series of -J. a, background with ground D.O.I. 
0; b, D.O.I. 2; c, D.O.I. 4; d, D.O.I. 6.
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Plate 4-69»
The adaptive changes in the integumentary pattern of fish 3 to 
the change in the reflectivity of a ground with stable white spots in 
a background series %  a, background with ground D.O.I. 8;
b, D.O.I. 6; c, D.O.I. 4» d, D.O.I. 2.(see legend to Plate 4-67)»
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Plate 4-70»
Photomicrographs showing the adaptive changes of fish 3 to the change 
in the reflectivity of a ground with stable white spots in a back­
ground series %  J. a, background with D.O.I. 8; b, D.O.I. 6; 
c, D.O.I. 4î d, D.O.I. 2. (see legend to Plate 4-67)»
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Plate 4-71/
The adaptive changes in the integumentary pattern of fish 3 to the 
change in the reflectivity of the circular spots with stable black 
background in a background series %  a, on background with spots
D.O.I. 0; b, D.O.I. 2; c, D.O.I. 4i d, D.O.I, 6. (see legend 
for Plate 4-67)»
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Plate 4-72'
Photomicrographs showing the adaptive changes of fish 3 to 
the change in the reflectivity of the circular spots with stable black 
background in a background series a, on background with spots
P.O.I. 0; b, P.O.I. 2j c, P.O.I. 4» d, P.O.I. 6.(see legend for 
Plate 4~67)« "•
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Plate 4-73»
■ The adaptive changes in the integumentary pattern of fish 3 to 
the changes in reflectivity of the circular spots with stable white 
ground in background series t  iy .. a, on background with spots 
P.O.I. 8; b, P.O.I, 6; c, P.O.I. 4» d, P.O.I. 2. (see legend 
for Plate 4-67)* -
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Plate 4-74»
Photomicrographs showing the adaptive changes of fish 3 to 
the changes in reflectivity of the circular spots with stable white 
ground in series %  J. a, on background with spots P.O.I. 8; 
b, P.O.I. 6; _c, P.O. I. 4î d, P.O. I. 2. (see legend for Plate
4—67)•
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Plate 4-73»
Macroscopically observable integumentary transformations in fish 6 
on a series of black backgrounds with white spots % % in.which the 
circular spots are gradually invaded by the inner black spots, 
a, on background % 0 -J; b, on % l/64 Î» c, on 3/64 
d, on %  -g- e, % 3/l6 % and f, on plain black. (The middle
numeral indicates the area of the inner black spots).
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Plate 4-76.
Plate 4-76.
The changes in the integumentary pattern of fish 1 to a 
change in the background pattern from solid spots to thin 
rings on a black ground of background series k h (see 
legend to Plate 4-75). a, on % O b, on h
h 3/^^ %; f, on plain black.
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Plate 4-77.
Photomicrographs of a pale patch of fish 6 showing the integumentary 
changes mentioned in the legend to Plate 4-75* Figures a to f 
correspond with those stated in legend to Plate 4-75*
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Plate 4-78.
Photomicrographs of a dark patch of fish 6 showing the integumentary 
changes mentioned in the legend to Plate 4-75* Figures a to f 
correspond with those stated in legend to Plate 4-75»
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Plate 4-79.
Phtographs of fish 6 showing the integumentary changes when the 
black spots of a patterned background are changed to thin rings, 
a, on 1/16 0 3/8; b, 1/16 1/256 3/8; c, 1/16 3/64 3/8; 
d, on a plain white. (See legend to Plate 4-75).
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Plate 4-80.
Photomicrographs of a pale patch of fish 6 showing the integumentary 
changes when the black spots of a patterned background are changed 
to thin rings, a, on 1/15 0 3/8; b, 1/16 1/256 3/8; c, i/i6 1 /6 4 3/8- d, 
1/16 3/64 3/8; d, on a plain white. (See legends to Plates 
4-75 and 4-79).
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Plate 4-81. .
Photomicrographs of a dcirk patch of fish 6 showing the integumentary 
changes when the black spots of a patterned background are changed 
to thin rings, a, on 1/16 O 3/8; b, 1/16 1/256 3/8; c, i/i6 1/64 3/8; d, 
1/16 3/64 1/16; g , on a plain white. (See legends to Plates 
4-75 and 4-79).
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Plate 4-82.
The integumentary pattern of fish 1 on a series of backgrounds of 
squares increasing in size from 0.1 cm. to 1.0 cm sides, a, on 
0.1 cm.; b, 0.2 cm.; c, 0.4 cm.; d, 0.6cm.; e, 0.8 cm.; f, 1.0 cm.
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Plate 4-83.
Photomicrographs of a pale and a,dark patch of fish 1 showing 
changes in the integumentary pattern on background series in 
wliich the size of the squares increases from 0.1 cm. to 1.0 
cm. a, on 0.1 cm.; b, on 0.2 cm.; c, 0.4 cm.; d, 0.6 cm.; 
e, 0.8 cm. ; f, 1.0 cm.
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Plate 4-84.
The changes in the integumentary pattern of fish 1 following a 
decrease in the size of squares from 1.0 cm. to 0.1 cm. sides, 
a, on 1.0 cm.; b, 0.8 cm.; c, 0.6 cm.; d, 0.4 cm.; e, 0.2 cm.; 
f, 0.1 cm.
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Plate 4-85.
Photomicrographs of a pale and a dark patch of fish 1 on back­
ground series in which the size of the squares decreases from 
1.0 cm. to 0.1 cm. a, on 1.0 cm.; b, on 0.8 cm.; c, on 0.6 
cm.; d, on 0.4 cm.; e, on 0.2 cm.; f, on 0.1 cm. The 
pale fleck-melanophores are on t).ie left of the plate and the 
dark patch melanophores on the right.
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Plate 5-1.
The influence of the position of the eye in relation to the 
figures of the background and the angle of vision on the 
chromatic activity of the plaice. Figures a and. c represent 
the pale patch melanophores and b and d those of the dark patch.
A or E indicates the response of the representative pattem-units 
of fish 1 in position A or E (see Figure 5-1) after  ^hour exposure 
to à background with white spots 1/16 1-J.
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Plate 5-2.
Photograph of fish 9 indicating the dark and the pale areas 
observed for their chromatic activity. All the areas'were marked
for future reference and their method of coding described in 
Section 5*2.2.
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Plate 5-3*
Pish. 3 on plain white, plain black and a combination of these two 
backgrounds. The pattern formed on w/b combination is somewhere 
in the middle of those formed on each of these backgrounds alone 
and has some resemblance to that on B.O.I. 4 (d).
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Plate 5-4'
Pish 1 on patterned backgrounds of (a) 1.0 cm. squares; (b) 0.1 cm,
squares; (c) on a combination of the two. %.0 - 0*1 cm. and 
(d) 0.1 - 1.0 cm. The patterns formed on c and d are nearly
intermediate to those formed on each background separately.
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Plate 5-5*
Photomicrographs of a dark patch of fish 1 on background of squares 
of (a) 1.0 cm. side; (b) 0.1 cm. side; (c) on a combination of 
these two 1.0 - 0.1 cm.; (d) on the same combination but with 
components in reversed positions i.e., 0.1 - 1.0 cm. The difference 
between c and d, though minor, indicates a "partially contralateral" 
trend.
175
a
. : . m m m
176
Plate 5-6.
The ’partially contralateral' responses of 4 dark areas 
(including the permanent dark patches and the dark areas around 
some orange and black spots) in each half of the pigmented side 
of fish 9 (see Plate 5-2), as indicated by their melanophores on 
combinations of 1.0 (A) and 0.1 (B) cm. squares. These areas 
in the two halves have been distinguished as dD or dV on the 
basis of their location in the dorsal or the ventral halves 
respectively. The number in brackets in front of background 
Combinations indicates the number of times the fish has been on 
them.
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Plate 5-7*
The ’’partially contralateral” responses indicated by the melanophores 
in the dark and pale areas of fish 9 (see legend- to Plates 3-2 and 
5-6) on combinations of black and white backgrounds. The responses 
of comparable areas (i.e., a dark area in the ventral half with 
a dark in the dorsal) show reversible and repeatable changes in 
the two halves ("partial contralateral" effect).
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Plate 5-8.
The unilaterally'enucleated, fish 1 six; months after operation.
This fish showed, much darkening of. the integument after 
enucleation (cf. Plate 5-^ ) and its chromatic activity was greatly 
reduced (Section 5'2"^)-
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Plate 6-1.
'Dorsal' and 'ventral' aspects of fish 19« Pigmentation on the 
'ventral' skin was acquired within 8 weeks of its exposure to 
the mottled hackground (Plate 2-2).
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Plate 6*"2»
The change in melanosomal distribution brought about by the retinal 
stimuli from some patterned backgrounds in the experimentally 
induced melanophores in the 'ventral' skin of fish I9. a, 
'ventral' melanophores before exposure to any patterned background; 
b, 1 hour after exposure to checkerboard of b/w squares of 1.0 cm. 
side; c, 1 hour on 0.1 cm. squaresj «i, wkUî. spots on b/ack %  ^4-'
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Plate 6-3.
Electron micrograph of the ’ventral' skin with and without DOPA- 
treatment. (a) the DOPA-treated cells in the fish maintained on 
the melanin-inducing mottled hackground (see Plate 2-2) for 2-3 
weeks show deposition of electron-dense material in the presumed 
melanosomes. - These cells also show high activity in their Golgi 
apparatus and mitochondria. (h) The cells in untreated skin,..
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Plate 7-1»
The m  vivo effect of noradrenaline on melanophores in different 
pattern-iinits. The melanophores in the dark patches and the dark 
areas of the integument are more affected than are those in the 
pale zone, pale flecks and the white spots (cf. c with d). a
and h, fishes adapted to a checkerboard of 1.0 cm. squares; c,
fish in 7-1*a 1 hour after injection of 10 NA; d, fish 7-1*1>
20 minutes after 10 NA.
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Plate 7-2.
The vivo effects of isoproterenol, a heta-stimulant, on melano­
phores in the different pattern-units. The 10 dose results in 
a dispersion of the pigment in the melanophores of the general ground 
of the integument (pale zone; pale flecks and white spots), hut 
it causes paling of the the dark patches and dark zones. The ' 
differential effect of heta-stimulant is relatively less in intensity 
with 10 concentration and is gradually reduced with weaker 
concentrations, a and c, before injection; h, fish in 7-2.a 1 
hour after 10 d, fish in 7-2.c 1 hour after 10 '^M.
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Plate 7-3.
The ^  vivo effects of tolazoline, an alpha-hlocker, on the 
melanophores in the different pattern-units. It causes darkening of 
the general ground of the integumentary pattern with 10 - 10
doses and a dose-related paling of the dark patches and the dark 
zones of the pattern, a and c, before injection; b, fish in 7-3.a 
12 minutes after 10 and d, fish in 7-3.c 45 minutes after 10
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Plate 7-4.
The in vivo effects of propanolol, a heta-hlocker, on the melanophores
-5in different pattern-units. 10 M of propanolol causes fading of
the dark patches and the darkening of the general ground. This
effect is reversed with 10 (cf. h and d). a and c, before
— R
injection; b, fish in 7-4.a bo minutes after 10 M; d, fish in 
7-4.c 30 minutes after 10 *^M.
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Plate 7-5*
The ^  vivo effects of sotalol, a beta-hlocker, on the melanophores 
in different pattern-units. 10 solution causes darkening of the 
general ground of the integument and slight paling of the dark 
patches and the dark zones, a and b are before and -g- hour after 
injection respectively.
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Plate 7-6.
The in vivo effects of dichloroisoproterenol, a heta-hlocker, on
_5
the melanophores in the different pattern-units. A 10 M 
'dose, causes a general paling of the pattern as a whole hut at 
slightly different rates in the melanophores in the general ground 
and the dark patches and the dark zones, a, before injection; 
b, 1 hour after 10
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